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Vlqfh wkh 4<<8 sxeolfdwlrq ri Revwhog dqg Urjr*v Uhgx{ prgho/ wkhuh
kdv ehhq dq rxwsrxulqj ri uhvhdufk rq rshq0hfrqrp| g|qdplf jhqhudo
htxloleulxp prghov wkdw lqfrusrudwh lpshuihfw frpshwlwlrq dqg qrplqdo
uljlglwlhv1 Wklv sdshu rhuv dq lqwhulp vxuyh| ri wklv uhfhqw olwhudwxuh1
Nh|zrugv= lqwhuqdwlrqdo pdfurhfrqrplfv/ qrplqdo uljlglwlhv/ lpshuihfw
frpshwlwlrq1
Dfnqrzohgjhphqwv
Hfrqrplfv Ghsduwphqw/ Wulqlw| Froohjh Gxeolq/ Gxeolq 5/ Luhodqg1 Hpdlo=
sodqhCwfg1lh1 Krphsdjh= zzz1hfrqrplfv1wfg1lh2sodqh1 Who1= 68604093;558<1
Id{= 6860409::58361 L dp judwhixo wr wkh Vrfldo Vflhqfh Uhvhdufk Frxqflo
ri wkh Ur|do Lulvk Dfdghp| dqg wkh WFG EHVV Ehqhidfwlrqv Ixqg iru
qdqfldo vxssruw1 L wkdqn Plfn Ghyhuhx{ dqg Kdudog Kdx iru khosixo
vxjjhvwlrqv1 Wkh ylhzv h{suhvvhg khuh gr qrw uhsuhvhqw wkh ylhzv ri wkh
WFG Hfrqrplfv Ghsduwphqw1Vhfwlrq L= Lqwurgxfwlrq
Wklv duwlfoh vxuyh|v vrph uhfhqw hruwv e| d jurxs ri uhvhdufkhuv
wr ghyhors d qhz zrunkruvh prgho iru rshq0hfrqrp| pdfurhfrqrplf dqdo0
|vlv1 Wkh xqli|lqj ihdwxuh ri wklv hphujlqj olwhudwxuh lv wkh lqwurgxfwlrq
ri qrplqdo uljlglwlhv dqg pdunhw lpshuihfwlrqv lqwr d g|qdplf jhqhudo
htxloleulxp prgho zlwk zhoo0vshflhg plfurirxqgdwlrqv1
Lpshuihfw frpshwlwlrq  zkhwkhu lq surgxfw ru idfwru pdunhwv
 lv d nh| lqjuhglhqw lq wkh qhz prghov1 Rqh uhdvrq lv wkdw/ lq frqwudvw
wr shuihfw frpshwlwlrq +xqghu zklfk djhqwv duh sulfh0wdnhuv,/ prqrsro|
srzhu shuplwv wkh h{solflw dqdo|vlv ri sulflqj ghflvlrqv1 Vhfrqg/ htxlole0
ulxp sulfhv vhw deryh pdujlqdo frvw udwlrqdol}h ghpdqg0ghwhuplqhg rxwsxw
lq wkh vkruw0uxq/ vlqfh upv duh qrw orvlqj prqh| rq wkh dgglwlrqdo sur0
gxfwlrq14 Wklug/ prqrsro| srzhu phdqv wkdw htxloleulxp surgxfwlrq idoov
ehorz wkh vrfldo rswlpxp/ zklfk lv d glvwruwlrq wkdw fdq srwhqwldoo| eh
fruuhfwhg e| dfwlylvw prqhwdu| srolf| lqwhuyhqwlrq1
Wklv dssurdfk rhuv vhyhudo dwwudfwlrqv1 Wkh suhvhqwdwlrq ri
h{solflw xwlolw| dqg surw pd{lpl}dwlrq sureohpv surylghv zhofrph fodu0
lw| dqg dqdo|wlfdo uljru1 Pruhryhu/ lw doorzv wkh uhvhdufkhu wr frqgxfw
zhoiduh dqdo|vlv/ wkhuhe| od|lqj wkh jurxqgzrun iru fuhgleoh srolf| hydo0
xdwlrq1 Doorzlqj iru qrplqdo uljlglwlhv dqg pdunhw lpshuihfwlrqv dowhuv
wkh wudqvplvvlrq phfkdqlvp iru vkrfnv dqg dovr surylghv d pruh srwhqw
uroh iru prqhwdu| srolf|1 Lq wklv zd|/ e| dgguhvvlqj lvvxhv ri frqfhuq wr
srolf|pdnhuv/ rqh jrdo ri wklv qhz vwudqg ri uhvhdufk lv wr surylgh dq dq0
4Dv lv glvfxvvhg ehorz/ wklv lv rqo| wuxh li wkh vkrfn lv qrw vr odujh dv wr gulyh pdujlqdo
frvwv deryh pdujlqdo uhyhqxhv1
4do|wlfdo iudphzrun wkdw lv uhohydqw iru srolf| dqdo|vlv dqg rhu d vxshulru
dowhuqdwlyh wr wkh Pxqghoo0Iohplqj prgho wkdw lv vwloo zlgho| hpsor|hg lq
srolf| flufohv dv d wkhruhwlfdo uhihuhqfh srlqw1
Lq ghvfulelqj wkh qglqjv ri wklv uhvhdufk surjudp/ L irfxv doprvw
h{foxvlyho| rq wkh dqdo|vlv ri prqhwdu| vkrfnv1 Wklv uh hfwv wkh hpskdvlv
lq wkh olwhudwxuh/ iru wkh uroh ri qrplqdo uljlglwlhv lv prvw vwduno| looxvwudwhg
lq wkh fdvh ri prqhwdu| vkrfnv dqg lw lv wklv nlqg ri glvwxuedqfh wkdw
 h{leoh0sulfh prghov duh ohdvw zhoo0htxlsshg wr kdqgoh1
Revwihog dqg Urjr +4<<8, lv frpprqo| uhfrjql}hg dv wkh frqwul0
exwlrq wkdw odxqfkhg wklv qhz zdyh ri uhvhdufk dqg wklv sdshu lv uhylhzhg
lq Vhfwlrq 5 ehorz1 Dq lpsruwdqw suhfxuvru zdv wkh sdshu e| Vyhqvvrq
dqg ydq Zlmqehujhq +4<;<,1 Wklv sdshu lv d pdqlihvwr iru vwlfn|0sulfh
prghov wkdw kdyh vrolg plfurirxqgdwlrqv dqg duh upo| hpehgghg lq dq
lqwhuwhpsrudo vhwwlqj dqg wkh pxfk ri wkh dqdo|wlf vwuxfwxuh ri wkdw sdshu
kdv ehhq dgrswhg lq wkh pruh uhfhqw olwhudwxuh1 Krzhyhu/ wkhvh dxwkruv
prghoohg krph dqg iruhljq rxwsxwv dv vwrfkdvwlf hqgrzphqwv dqg wkh vxe0
vhtxhqw olwhudwxuh kdv ghyrwhg pxfk pruh dwwhqwlrq wr hqgrjhql}lqj wkh
surgxfwlrq vlgh ri wkh hfrqrp|1 Nuxjpdq +4<<8, dovr vljqdoohg pdq| ri
wkh uhvhdufk lvvxhv zklfk kdyh uhfhlyhg dwwhqwlrq lq wklv qhz olwhudwxuh1
Ilqdoo|/ lw vkrxog eh qrwhg wkdw wkh uhvhdufk surjudp ghvfulehg
khuh lv yhu| pxfk olqnhg wr ghyhorsphqwv lq forvhg0hfrqrp| pdfurhfr0
qrplfv1 Wkhuh lv d vhqvh wkdw pdfurhfrqrplvwv duh frqyhujlqj rq d
frpprq prghoolqj iudphzrun wkdw lqwhjudwhv lpshuihfw frpshwlwlrq dqg
qrplqdo uljlglwlhv lqwr g|qdplf jhqhudo htxloleulxp prghov1 Wklv uhfhqw
ghyhorsphqw kdv ehhq odehoohg qhrprqhwdulvp e| Nlpedoo +4<<8, dqg
5wkh qhz qhrfodvvlfdo v|qwkhvlv e| Jrrgiulhqg dqg Nlqj +4<<:,1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh Revwihog0
Urjr Uhgx{ prgho lv eulh | rxwolqhg lq vhfwlrq 51 Vhfwlrq 6 uhylhzv
dowhuqdwlyh dssurdfkhv wr prghoolqj qrplqdo uljlglw|1 Wkh lpsdfw ri pdu0
nhw vhjphqwdwlrq dqg sulflqj wr pdunhw ehkdylru lv glvfxvvhg lq vhfwlrq
71 Zh wxuq wr wkh vshflfdwlrq ri suhihuhqfhv dqg whfkqrorj| lq vhfwlrq
81 Vhfwlrq 9 lqwurgxfhv yduldwlrq lq qdqfldo vwuxfwxuh1 Wkh dqdo|vlv ri
lqwhuqdwlrqdo srolf| lqwhughshqghqfh lv uhylhzhg lq vhfwlrq :1 Vhfwlrq ;
glvfxvvhv wkhruhwlfdo iudphzrunv wkdw h{solflwo| doorz iru xqfhuwdlqw| dqg
vhfwlrq < dowhuqdwlyh dssurdfkhv wr prghoolqj pdunhw vwuxfwxuh1 Vpdoo
rshq hfrqrp| prghov duh wkh vxemhfw ri vhfwlrq 431 Vhfwlrq 44 uhylhzv
wkh erg| ri hpslulfdo zrun dvvrfldwhg zlwk wklv qhz uhvhdufk surjudp1
Vhfwlrq 45 frqfoxghv1
Vhfwlrq LL= H{fkdqjh Udwh G|qdplfv Uhgx{
Dv zdv qrwhg lq wkh lqwurgxfwlrq/ Revwihog dqg Urjr +4<<8,
hhfwlyho| lqlwldwhg wklv qhz uhvhdufk surjudp15 Lq wklv vhfwlrq/ zh eulhi
rxwolqh wkh pdlq ihdwxuhv ri wkhlu Uhgx{ prgho1 Wkh| vhw xs d wzr0frxqwu|
prgho1 Hdfk frxqwu| lv srsxodwhg e| d frqwlqxxp ri |hrpdq0iduphuv
+frqvxphu0surgxfhuv, wkdw surgxfh glhuhqwldwhg jrrgv ^Efc? olyh lq wkh
krph frxqwu|> E?c lq wkh iruhljq frxqwu|`1 Suhihuhqfhv iru lqglylgxdo 
5Wkh zrunlqj sdshu yhuvlrq zdv uhohdvhg lq Dsulo 4<<7 dv QEHU Zrunlqj Sdshu
&79<61





















zkhuh jc0 : f/ >:/ f 	q	 dqg  lv d FHV lqgh{ djjuhjdwlqj dfurvv









zkhuh w lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq ydulhwlhv1 Jrrgv Efc?
duh surgxfhg grphvwlfdoo| dqg E?c ryhuvhdv= krph dqg iruhljq jrrgv






w*w duh wkh uhdo edodqfhv khog lq shulrg | dqg wkh odvw whup
lq ^4` fdswxuhv wkh glvxwlolw| ri zrun hruw1 Wkhuh lv qr fdslwdo lq wkh
prgho1 Lw iroorzv iurp ^5` wkdw hdfk frqvxphu0surgxfhu idfhv wkh frqvwdqw0










w lv djjuhjdwh joredo frqvxpswlrq1 Prqh| lv lqwurgxfhg lqwr wkh
hfrqrp| e| wkh jryhuqphqw1 Dvvxplqj }hur jryhuqphqw frqvxpswlrq/ wkh





6Dqdodjrxv htxdwlrqv krog iru wkh uhsuhvhqwdwlyh lqglylgxdo lq wkh iruhljq frxqwu|1
7Djhqwv kdyh dffhvv wr dq lqwhuqdwlrqdo ulvnohvv uhdo erqg pdunhw dw wkh














w lv djhqw *v erqg kroglqj lq shulrg |1
Krph dqg iruhljq lqglylgxdov duh dvvxphg wr kdyh lghqwlfdo suhi0
huhqfhv dqg wkhuh duh qr eduulhuv wr wudgh vxfk wkdw wkh odz ri rqh sulfh
krogv iru hdfk jrrg1 Wkhvh dvvxpswlrqv phdq wkdw sxufkdvlqj srzhu
sdulw| krogv dqg wkh frqvxpswlrq0edvhg uhdo h{fkdqjh udwh lv frqvwdqw1
Hdfk djhqw pxvw ghflgh khu rswlpdo fkrlfhv ri frqvxpswlrq/
prqh| kroglqj/ oderu vxsso| dqg vhw khu rswlpdo rxwsxw sulfh1 Sulfhv
duh dvvxphg wr eh vhw rqh shulrg lq dgydqfh/ lqwurgxflqj d qrplqdo uljlg0
lw| lqwr wkh prgho1 Wkh vroxwlrq whfkqltxh lv wr uvw vroyh iru d vwhdg|0
vwdwh ri wkh prgho1 Wr vwxg| wkh g|qdplf hhfwv ri d prqhwdu| vkrfn/ d
orj0olqhdu dssur{lpdwlrq lv wdnhq durxqg wklv vwhdg|0vwdwh1 Vlqfh sulfhv
duh vwlfn| iru rqh shulrg/ wkh vroxwlrq glvwlqjxlvkhv ehwzhhq wkh lpsdfw
+uvw0shulrg, hhfw ri d vkrfn dqg lwv orqj0uxq vwhdg|0vwdwh hhfw1 Df0
fruglqjo|/ wkh zhoiduh hhfw ri d vkrfn lv fdofxodwhg dv wkh vxp ri wkh
vkruw0uxq fkdqjh lq xwlolw| dqg wkh glvfrxqwhg suhvhqw ydoxh ri wkh fkdqjh
lq vwhdg|0vwdwh xwlolw|1
Wkh dxwkruv frqvlghu wkh Gruqexvfk h{shulphqw ri d xqdqwlf0
lsdwhg shupdqhqw lqfuhdvh lq wkh grphvwlf prqh| vxsso|1 Wkh lpsdfw
hhfw ri wkh prqhwdu| vkrfn lv dq lqfuhdvh lq wkh ohyho ri grphvwlf rxwsxw
dqg frqvxpswlrq1 Wkh zruog uhdo lqwhuhvw udwh idoov dqg qrplqdo ghsuhfl0
dwlrq wudqvodwhv lqwr d ghfolqh lq wkh grphvwlf whupv ri wudgh= erwk idfwruv
8jhqhudwh dq lqfuhdvh lq iruhljq frqvxpswlrq1 Wkh lpsdfw rq iruhljq rxw0
sxw lv dpeljxrxv/ vlqfh wkh lqfuhdvh lq djjuhjdwh frqvxpswlrq dqg wkh
uhodwlyh sulfh vkliw zrun lq rssrvlwh gluhfwlrqv1 Wkh grphvwlf fxuuhqw df0
frxqw pryhv lqwr vxusoxv1
Lq wklv fdvh/ prqh| lv qrw qhxwudo lq wkh orqj0uxq1 Wkh vkruw0uxq
grphvwlf fxuuhqw dffrxqw vxusoxv lpsolhv d shupdqhqw lpsuryhphqw lq
grphvwlf qhw iruhljq dvvhwv1 Lq wkh vwhdg|0vwdwh/ wklv lpsolhv d shupdqhqw
grphvwlf wudgh ghflw vlqfh d srvlwlyh qhw lqyhvwphqw lqfrph lq rz doorzv
frqvxpswlrq wr uhpdlq shupdqhqwo| deryh grphvwlf rxwsxw1 Wkh zhdowk
hhfw ri wkh srvlwlyh qhw iruhljq dvvhw srvlwlrq uhgxfhv grphvwlf oderu
vxsso| +ohlvxuh lv d qrupdo jrrg, dqg grphvwlf rxwsxw/ wkhuhe| jhqhudwlqj
d shupdqhqw lpsuryhphqw lq wkh krph frxqwu|*v whupv ri wudgh1
Dq lqwhuhvwlqj uhvxow lv wkdw h{fkdqjh udwh ryhuvkrrwlqj lv qrw
srvvleoh lq wklv prgho1 Wr vhh wklv/ lw lv xvhixo wr suhvhqw wkh htxdwlrqv
iru SSS dqg vkruw0uxq dqg orqj0uxq prqhwdu| htxloleulxp
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zkhuh 	 ghqrwhv vkruw0uxq ydoxhv dqg  ghqrwh orqj0uxq ydoxhv1 111
Vlqfh SSS krogv/ grphvwlf dqg iruhljq djhqwv idfh wkh vdph uhdo lqwhuhvw
udwh dqg grphvwlf dqg iruhljq frqvxpswlrq jurzwk udwhv duh wkhuhe| lghq0
wlfdo1 Lw iroorzv wkdw vlqfh wkh fkdqjh lq wkh prqh| vwrfn lv shupdqhqw/
wkh vkruw0uxq fkdqjh lq uhodwlyh grphvwlf uhdo edodqfhv pxvw htxdo wkh
9orqj0uxq fkdqjh dqg vr wkh shupdqhqw lqfuhdvh lq wkh qrplqdo h{fkdqjh
udwh mxvw htxdov lwv lqlwldo mxps1
Ilqdoo|/ wkh prqhwdu| vkrfn*v lpsdfw rq krph dqg iruhljq zho0
iduh fdq eh fdofxodwhg1 Lq hydoxdwlqj zhoiduh/ wkh glvsdudwh hhfwv ri wkh
prqh| vkrfn rq vkruw0uxq dqg orqj0uxq ydoxhv ri frqvxpswlrq/ uhdo edo0
dqfhv dqg ohlvxuh pxvw eh djjuhjdwhg dffruglqj wr wkh zhljkwv lpsolhg e|
wkh xwlolw| ixqfwlrq ^4`1 Uhpdundeo|/ lw wxuqv rxw wkdw krph dqg iruhljq
zhoiduh duh udlvhg e| wkh vdph dprxqw/ ghvslwh wkh dv|pphwulf rxwsxw
hhfwv ri wkh vkrfn17 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw wkh uvw0rughu
hhfw ri wkh prqhwdu| vkrfn lv wkh lqlwldo jhqhudo lqfuhdvh lq zruog gh0
pdqg1 Vlqfh wkh lpshuihfw frpshwlwlrq glvwruwlrq phdqv wkdw wkh lqlwldo
ohyho ri rxwsxw zdv wrr orz/ d ghpdqg0gulyhq lqfuhdvh lq zruog rxwsxw
udlvhv zhoiduh/ wr wkh htxdo ehqhw ri erwk frxqwulhv18 Wkh h{shqglwxuh0
vzlwfklqj dqg whupv ri wudgh hhfwv ri wkh vkrfn duh rqo| ri vhfrqg0rughu
lpsruwdqfh/ vlqfh rswlpl}lqj djhqwv zrxog kdyh lqlwldoo| vhw wkh pdujlqdo
xwlolw| ri h{wud uhyhqxh htxdo wr wkh pdujlqdo glvxwlolw| ri h{wud zrun hi0
iruw1 Vr wkh idfw wkdw krph djhqwv surgxfh pruh grhv qrw udlvh wkhlu
uhodwlyh xwlolw| ohyho= wkh h{wud uhyhqxh lv h{dfwo| fdqfhoohg rxw e| wkh lq0
fuhdvh lq zrun hruw1 Lq vlplodu idvklrq/ fxuuhqw0dffrxqw lpedodqfhv kdyh
rqo| vhfrqg0rughu hhfwv/ vlqfh wkh lqlwldo htxloleulxp ohdyhv xqh{sorlwhg
dq| pdujlqdo jdlqv iurp uhdoorfdwlqj frqvxpswlrq dqg ohlvxuh dfurvv wlph
shulrgv1
7Wklv vwdwhphqw ljqruhv d plqru h{wud jdlq wr grphvwlf djhqwv iurp d shupdqhqw
lqfuhdvh lq uhdo edodqfhv1
8Wkh phfkdqlvp lv h{dfwo| wkh djjuhjdwh ghpdqg h{whuqdolw| kljkoljkwhg e| Eodq0
fkdug dqg Nl|rwdnl +4<;:,1
:Wklv h{dpsoh ylylgo| ghprqvwudwhv wkh ehqhwv ri xvlqj d pl0
furirxqghg prgho1 Lq dvvhvvlqj wkh qhw lpsdfw ri d vkrfn wkdw kdv p|uldg
hhfwv/ vrph phwulf lv uhtxluhg dqg wkh uhsuhvhqwdwlyh djhqw*v xwlolw| ixqf0
wlrq lv wkh reylrxv fkrlfh lq hydoxdwlqj zhoiduh1 Wkh vxusulvlqj uhvxow wkdw
erwk frxqwulhv jdlq htxdoo| iurp dq xqh{shfwhg grphvwlf prqhwdu| h{sdq0
vlrq looxvwudwhv wkh xwlolw|0edvhg hydoxdwlrq rhuv d qrq0wulyldo dgydqwdjh
ryhu wudglwlrqdo dg0krf orvv ixqfwlrqv1
Pdq| ri wkh dvvxpswlrqv lq wkh Uhgx{ prgho kdyh ehhq prglhg
lq vxevhtxhqw zrun1 Lq wkh iroorzlqj vhfwlrqv/ zh glvfxvv wkh lpsdfw ri
wkhvh uhylvlrqv wr wkh edvlf iudphzrun1 Zh zloo vkrz wkdw wkh lqwhuqdwlrqdo
wudqvplvvlrq dqg zhoiduh hhfwv ri prqhwdu| vkrfnv suryh wr eh txlwh
vhqvlwlyh wr wkh suhflvh vshflfdwlrq ri sulfh vwlfnlqhvv/ suhihuhqfhv dqg
qdqfldo vwuxfwxuh/ wr qdph mxvw d vxevhw ri uhohydqw idfwruv1
Vhfwlrq LLL= Qrplqdo Uljlglwlhv
Wkh olwhudwxuh w|slfdoo| lqwurgxfhv qrplqdo uljlglw| dv dq h{rjh0
qrxv ihdwxuh ri wkh hqylurqphqw19 Lq wkh Uhgx{ prgho/ upv vlpxowd0
qhrxvo| vhw sulfhv rqh shulrg lq dgydqfh1 Wklv dvvxpswlrq lv duelwudu|
exw frqyhqlhqw/ vlqfh doo dgmxvwphqw lv frpsohwhg diwhu mxvw rqh shulrg1
Fohduo|/ li sulfh vwlfnlqhvv lv prwlydwhg e| dq xqghuo|lqj {hg phqx frvw/
upv zloo eh prwlydwhg wr lpphgldwho| dgmxvw sulfhv lq wkh hyhqw ri d
odujh hqrxjk vkrfn1 Lqghhg/ dv Fruvhwwl dqg Shvhqwl +4<<;, hpskdvl}h/ d
vx!flhqwo| odujh vkrfn zrxog ylrodwh upv* sduwlflsdwlrq frvw e| udlvlqj
9Dq h{fhswlrq lv Ehdxgu| dqg Ghyhuhx{ +4<<8, zklfk jhqhudwhv hqgrjhqrxv sulfh
vwlfnlqhvv dv dq htxloleulxp lq d vw|ol}hg prgho ri lqfuhdvlqj uhwxuqv wr vfdoh1
;pdujlqdo frvw deryh sulfh1 Dv vxfk/ wkh dqdo|vlv vkrxog eh lqwhusuhwhg dv
dsso|lqj rqo| wr wkh uhohydqw udqjh ri vkrfnv1 Wkdw vdlg/ li zh wklqn ri
prqhwdu| vkrfnv dv hpdqdwlqj iurp srolf| ghflvlrqv/ srolf|pdnhuv zrxog
wdnh wklv frqvwudlqw lqwr dffrxqw zkhq ghflglqj wkh vl}h ri wkh vwlpxoxv wr
xqohdvk rq wkh hfrqrp|1 Ilqdoo|/ qrplqdo uljlglw| lv lqyduldeo| prghoohg
lq wklv olwhudwxuh dv ri wkh wlph0ghshqghqw ydulhw|/ vlqfh vwdwh0ghshqghqw
sulflqj lv qrw hdvlo| lqfrusrudwhg lqwr jhqhudo htxloleulxp prghov1
D = Vwlfn| Zdjhv
Wkh olwhudwxuh kdv odujho| hpskdvl}hg sulfh vwlfnlqhvv dv wkh orfxv
ri qrplqdo uljlglwlhv/ iru wkh uhdvrqv glvfxvvhg e| Nlpedoo +4<<8,1: Kdx
+4<<;, udwkhu frqvlghuv d fdvh lq zklfk sulfhv duh  h{leoh exw qrplqdo
zdjhv duh suhghwhuplqhg1; Erwk surgxfw dqg oderu pdunhwv duh prqrsr0
olvwlf/ vlqfh hdfk krxvhkrog vxssolhv d glhuhqwldwhg oderu lqsxw1 Idflqj d
frqvwdqw hodvwlflw| ri ghpdqg/ prqrsrolvwlf upv vhw sulfhv dv d frqvwdqw
pdunxs ryhu wkh zdjh1 Iru wklv uhdvrq/ vlqfh zdjhv duh vwlfn|/ rswlpdo
sulfhv dovr uhpdlq {hg lq wkh vkruw uxq dqg wkh idfwru pdunhw uljlglwlhv lq
hhfw surgxfh wkh vdph lqwhuqdwlrqdo wudqvplvvlrq hhfwv dv wkh grphvwlf
surgxfw sulfh uljlglwlhv lq wkh Uhgx{ prgho1<
:Krzhyhu/ Ehujlq +4<<8, pdnhv dujxphqwv lq idyru ri zdjh vwlfnlqhvv dv suhihudeoh wr
sulfh vwlfnlqhvv1
;Revwihog dqg Urjr +4<<9/ Vhfwlrq 431715/ ss :3<0:44, surylgh d wh{werrn wuhdwphqw
ri Kdx*v prgho1
<Zlwk lghqwlfdo dqg frqvwdqw hodvwlflw| ri ghpdqgv dfurvv frxqwulhv/ lw lv kdug wr
uhfrqfloh sulfh  h{lelolw| zlwk ylrodwlrqv ri wkh odz ri rqh sulfh +vhh Vhfwlrq 7 ehorz,1
Krzhyhu/ zlwk lqwhuqdwlrqdol}hg surgxfwlrq e| zklfk orfdo oderu lv xvhg wr surgxfh iru
wkh orfdo pdunhw/ orfdo zdjh vwlfnlqhvv fdq wudqvodwh lqwr uljlg sulfhv lq orfdo fxuuhqf|/
hyhq zkhq upv duh iuhh wr frvwohvvo| dowhu sulfhv1
<E = Vwdjjhulqj
Vlpxowdqhrxv rqh0vwhs0dkhdg sulflqj kdv wkh frxqwhuidfwxdo lp0
solfdwlrq wkdw wkh sulfh ohyho hyroyhv lq odujh/ glvfuhwh mxpsv1 Vwdjjhuhg
sulfh vhwwlqj lv dq dowhuqdwlyh zd| wr lqwurgxfh sulfh vwlfnlqhvv wkdw shu0
plwv vprrwk sulfh ohyho dgmxvwphqw1 Wklv vwdjjhulqj phdqv wkdw hdfk up
pxvw wdnh lqwr dffrxqw wkh suhylrxv dqg ixwxuh sulflqj ghflvlrqv ri rwkhu
upv lq rswlpdoo| vhwwlqj lwv sulfh1 Pdq| dxwkruv iroorz Fdoyr +4<;6,1
Wkh Fdoyr sulflqj dvvxpswlrq lv wkdw wkh rssruwxqlw| wr dgmxvw lwv sulfh
duulyhv vwrfkdvwlfdoo| wr hdfk up1 Lqghshqghqfh dfurvv d odujh qxpehu
ri upv phdqv wkdw d {hg iudfwlrq dgmxvwv lwv sulfh hdfk shulrg vr wkdw
wkh sulfh ohyho lv d vprrwk yduldeoh dqg fkdqjhv rqo| judgxdoo| ryhu wlph=
li wkh Srlvvrq duulydo udwh ri d sulfh0fkdqjh rssruwxqlw| lv / d iudfwlrq
 ri upv fkdqjhv lwv sulfh hdfk shulrg dqg * lv wkh dyhudjh lqwhuydo
ehwzhhq sulfh fkdqjhv iru d jlyhq up1
Dv suhylrxvo| dqdo|}hg e| Wd|oru +4<;3, dqg Eodqfkdug +4<;6,/
vwdjjhulqj lv d srwhqwldo shuvlvwhqfh phfkdqlvp vlqfh wkh dgmxvwphqw wr d
vkrfn fdqqrw eh dfklhyhg lqvwdqwdqhrxvo|143 Nroopdqq +4<<:, fdoleudwhv
d prgho lq zklfk erwk sulfhv dqg zdjhv duh vwlfn|1 Kh frpsduhv suhghwhu0
plqhg sulfh dqg zdjh vhwwlqj wr Fdoyr0w|sh dgmxvwphqw uxohv lq uhvsrqglqj
wr prqhwdu| vkrfnv dqg qgv wkdw Fdoyr0w|sh qrplqdo uljlglwlhv shuirup
ehwwhu lq pdwfklqj wkh kljk revhuyhg vhuldo fruuhodwlrq ri qrplqdo dqg
uhdo h{fkdqjh udwhv dqg wkh judgxdo dgmxvwphqw lq wkh sulfh ohyho exw ohvv
zhoo lq pdwfklqj wkh fruuhodwlrqv ri rxwsxw zlwk rwkhu pdfurhfrqrplf
43Wd|oru frqvlghuv vwdjjhuhg zdjh frqwudfwv> Eodqfkdug pdnhv wkh dgdswdwlrq wr dqd0
o|}h vwdjjhuhg sulflqj1
43yduldeohv1
Lq jhqhudo/ wkh uhvsrqvlyhqhvv ri sulfhv dqg shuvlvwhqfh ghshqg
rq +l, wkh vhqvlwlylw| ri sulfhv wr frvwv> dqg +ll, wkh vhqvlwlylw| ri frvwv wr
rxwsxw1 Fkdul hw do +4<<;d, vkrz wkdw vwdjjhulqj lq lwvhoi grhv qrw jhqhu0
dwh hqgrjhqrxv shuvlvwhqfh li sulfhv duh d frqvwdqw pdunxs ryhu pdujlqdo
frvwv dqg li pdujlqdo frvwv duh lqfuhdvlqj lq wkh ohyho ri rxwsxw1 Xqghu
wkhvh frqglwlrqv/ d up zloo udlvh lwv sulfh dv vrrq dv lw lv jlyhq wkh rs0
sruwxqlw|1 Krzhyhu/ li upv idfh frqyh{ ghpdqg vfkhgxohv/ vxfk wkdw wkh
sulfh hodvwlflw| ri ghpdqg lv lqfuhdvlqj lq wkh sulfh fkdujhg/ upv zloo eh
vorzhu wr udlvh sulfhv1 Pruhryhu/ Mhdqqh +4<<;, frqvlghuv d Fdoyr sulf0
lqj prgho lq zklfk uhdo zdjhv duh uljlg/ lq wkh vhqvh ri ehlqj lqhodvwlf
wr vkliwv lq rxwsxw dqg hpsor|phqw1 Kh vkrzv wkdw d up/ zkhq lw uh0
fhlyhv wkh rssruwxqlw| wr dowhu lwv sulfh/ rqo| pdnhv d vpdoo dgmxvwphqw=
li pdujlqdo frvwv duh uljlg/ rswlpdo sulfhv zloo dovr eh vwlfn|1 Uhdo0zdjh
uljlglw| wkhuhe| dpsolhv wkh uhdo hhfwv ri prqhwdu| vkrfnv dqg lqfuhdvhv
shuvlvwhqfh1
Dqghuvhq +4<<;, pdnhv wkh srlqw wkdw zdjh vwdjjhulqj lv pruh
olnho| wr jhqhudwh shuvlvwhqfh wkdq sulfh vwdjjhulqj/ vlqfh zdjh vwlfnlqhvv
lpsolhv wkdw oderu ghpdqg udwkhu wkdq oderu vxsso| ghwhuplqhv txdqwlwlhv
lq wkh oderu pdunhw1 Iru wklv uhdvrq/ wkh hodvwlflw| ri oderu vxsso| lv
luuhohydqw lq ghwhuplqlqj vkruw0uxq pdujlqdo frvwv1 Ilqdoo|/ Ehujlq dqg
Ihhqvwud +4<<;d/ 4<<;e,/ glvfxvvhg ehorz/ vkrz krz qrq0frqvwdqw hodvwlf0
lw| ri ghpdqg dqg lqwhuphgldwh lqsxwv fdq dovr jhqhudwh shuvlvwhqfh lq d
vwdjjhulqj iudphzrun1
44Vhfwlrq LY= Pdunhw Vhjphqwdwlrq dqg Sulflqj wr Pdunhw
E| dvvxpswlrq/ wkh odz ri rqh sulfh dozd|v krogv lq wkh Uhgx{
prgho1 Hqjho +4<<;, dqg rwkhuv kdyh grfxphqwhg wkdw lqwhuqdwlrqdo gh0
yldwlrqv lq wudgdeohv sulfhv duh uhvsrqvleoh iru d odujh sursruwlrq ri uhdo
h{fkdqjh  xfwxdwlrqv144 Lq olqh zlwk wklv hpslulfdo hylghqfh/ d qxpehu
ri dxwkruv kdyh lqwurgxfhg lqwhuqdwlrqdo pdunhw vhjphqwdwlrq lqwr wkh
edvholqh prgho1
Vhjphqwdwlrq phdqv wkdw dw ohdvw vrph upv kdyh wkh delolw| wr
fkdujh glhuhqw sulfhv iru wkh vdph jrrg lq krph dqg iruhljq pdunhwv1
Vhfrqg/ lw lv dvvxphg wkdw sulfhv duh vwlfn| lq hdfk frxqwu| lq whupv ri
wkh orfdo fxuuhqf|1 Zlwk lghqwlfdo FHV suhihuhqfhv dfurvv frxqwulhv/ hyhq
wkhvh upv zloo rswlpdoo| vhohfw krph dqg iruhljq fxuuhqf| sulfhv wkdw
duh d frqvwdqw pdunxs ryhu pdujlqdo frvw dqg khqfh wkh odz ri rqh sulfh
zloo eh vdwlvhg h{ dqwh1 Lq wkh hyhqw ri d vkrfn/ krzhyhu/ sulfhv wkdw duh
vwlfn| lq hdfk orfdo fxuuhqf| phdqv wkdw h{fkdqjh udwh pryhphqwv fdxvh
h{0srvw ghyldwlrqv iurp wkh odz ri rqh sulfh1 Sulflqj wr pdunhw +SWP,
lq frpelqdwlrq zlwk orfdo0fxuuhqf| vwlfn| sulfhv/ wkhuhe| doorzv wkh uhdo
h{fkdqjh udwh wr  xfwxdwh dqg gholqnv krph dqg iruhljq sulfh ohyhov145
44Iru vxuyh|v/ vhh Urjr +4<<9, dqg Ghyhuhx{ +4<<:,1
45Vlqfh orfdo0fxuuhqf| vwlfn| sulfhv/ ru ghvwlqdwlrq pdunhw uljlglwlhv/ duh d nh| lqjuhgl0
hqw/ wkdw dujxphqw wkdw SWP lv d plvodehoolqj iru wkh uhdvrq wkdw SWP vwulfwo| uhihuv wr
wkh delolw| ri upv wr rswlpdoo| fkrrvh glhuhqw sulfhv iru glhuhqw pdunhwv1 Krzhyhu/
wkh whup lv qrz frpprqo| xvhg lq wkh olwhudwxuh1 Jrogehuj dqg Nqhwwhu +4<<:, uhihu wr
lw dv vkruw0whup SWP wr glvwlqjxlvk lw iurp wkh  h{leoh0sulfh fdvh1
45D = Sulflqj Wr Pdunhw
Ehwwv dqg Ghyhuhx{ +4<<;d, prgli| wkh Uhgx{ p r g h oe |d v 0
vxplqj d iudfwlrq r ri upv fdq vhw glhuhqw sulfhv lq krph dqg iruhljq
pdunhwv146 Dv vxfk/ wkh sdudphwhu r lqgh{hv wkh h{whqw ri SWP1 Vlqfh
wkh h{shqglwxuh0vzlwfklqj hhfw ri h{fkdqjh udwh pryhphqwv glvdsshduv
xqghu SWP/ fkdqjhv lq wkh h{fkdqjh udwh kdyh d olplwhg lpsdfw rq frq0
vxpswlrq dqg khqfh wkh vl}h ri wkh h{fkdqjh udwh pryhphqw uhtxluhg wr
vdwlvi| wkh prqhwdu| htxloleulxp frqglwlrq lv hqodujhg1 Wklv udlvhv wkh
srvvlelolw| ri vkruw0uxq h{fkdqjh udwh ryhuvkrrwlqj/ zklfk lv uxohg rxw lq
wkh Uhgx{ prgho1
Pruhryhu/ vlqfh krph dqg iruhljq sulfh ohyhov duh vwlfn|/ d pryh0
phqw lq wkh qrplqdo h{fkdqjh udwh vkliwv wkh uhdo h{fkdqjh udwh dqg gholqnv
krph dqg iruhljq frqvxpswlrq jurzwk1 Lq frqwudvw/ wkh fruuhodwlrq ri
krph dqg iruhljq rxwsxw ulvhv vlqfh wkh grphvwlf ghpdqg h{sdqvlrq udlvhv
ghpdqg iru lpsruwv dw wkh {hg uhodwlyh sulfh ri lpsruwv lq whupv ri gr0
phvwlf fxuuhqf|1 Lq wklv zd|/ wkh prgho jhqhudwhv lqwhuqdwlrqdo frqvxps0
wlrq dqg rxwsxw frpryhphqwv wkdw duh pruh lq olqh zlwk wkh hylghqfh rq
lqwhuqdwlrqdo exvlqhvv f|fohv1 Ilqdoo|/ zlwk ixoo SWP +r ' ,/ wkh fxuuhqw
dffrxqw uhpdlqv lq edodqfh/ frqwudu| wr wkh vxusoxv vlwxdwlrq lq wkh Uhgx{
prgho1
D qrwhzruwk| uhvxow lv wkdw dq h{fkdqjh udwh ghsuhfldwlrq fdq
dfwxdoo| lpsuryh d frxqwu|*v whupv ri wudgh xqghu SWP1 Wkh uhdvrq lv wkdw
h{sruw sulfhv duh {hg lq whupv ri iruhljq fxuuhqf| vr ghsuhfldwlrq udlvhv
46Ehwwv dqg Ghyhuhx{ +4<<9, od| rxw d vwdwlf yhuvlrq ri wkhlu prgho1
46wkh fruuhvsrqglqj grphvwlf0fxuuhqf| sulfh ri h{sruwv zlwkrxw dowhulqj
grphvwlf0fxuuhqf| lpsruw sulfhv1 Frqwudu| wr wkh Uhgx{ prgho/ d vxusulvh
krph prqhwdu| h{sdqvlrq fdq wkhuhe| kdyh d ehjjdu0wk|0qhljkeru hhfw
e| dgyhuvho| dhfwlqj wkh iruhljq frxqwu|*v whupv ri wudgh1
Ehwwv dqg Ghyhuhx{ +4<<:, fdoleudwh d yhuvlrq ri wkhlu SWP
prgho wkdw doorzv iru vwdjjhulqj dqg fdslwdo dffxpxodwlrq1 Wkh| vkrz
wkdw wkh SWP prgho grhv zhoo lq pdwfklqj wkh frqglwlrqdo prphqwv lq
wkh gdwd dqg fohduo| rxwshuirupv wkh SSS0edvhg Uhgx{ prgho zklfk fdq0
qrw jhqhudwh uhdo h{fkdqjh udwh pryhphqwv ru kljk lqwhuqdwlrqdo rxwsxw
fruuhodwlrqv uhodwlyh wr frqvxpswlrq fruuhodwlrqv1
Fkdul hw do1 +4<<;, vlploduo| fdoleudwh d SWP prgho exw udwkhu
dwwhpsw wr pdwfk wkh xqfrqglwlrqdo prphqwv lq wkh gdwd1 D nh| uhvxow
lv wkdw/ hyhq zkhq upv vhw sulfhv lq vwdjjhuhg idvklrq/ wkh prgho lv
xqdeoh wr jhqhudwh d shuvlvwhqw hhfw rq uhdo h{fkdqjh udwhv eh|rqg wkh
shulrg ri h{rjhqrxvo|0lpsrvhg qrplqdo vwlfnlqhvv1 Dv zdv qrwhg hduolhu/
wkh uhdvrq lv wkdw d  h{leoh oderxu pdunhw phdqv wkdw pdujlqdo frvwv ulvh
lq uhvsrqvh wr dq lqfuhdvh lq djjuhjdwh rxwsxw1 Vlqfh frqvwdqw0hodvwlflw|
ghpdqg vfkhgxohv phdq wkdw wkh rswlpdo pdunxs lv {hg/ dq lqfuhdvh lq
pdujlqdo frvwv lqgxfhv upv wr udlvh sulfhv sursruwlrqdoo| dv vrrq dv wkh|
kdyh wkh rssruwxqlw| wr pdnh wkh dgmxvwphqw1
E = Wudqvorj Suhihuhqfhv
Ehujlq dqg Ihhqvwud +4<<;d, dovr vwxg| SWP exw ghsduw iurp
wkh prqrsrolvwlf frpshwlwlrq iudphzrun lq zklfk upv idfh frqvwdqw0
hodvwlflw| ghpdqg vfkhgxohv1 Wkh| frqvlghu wudqvorj suhihuhqfhv/ e| zklfk
47wkh h{shqglwxuh vkduh iru hdfk jrrg  lv lqyhuvho| uhodwhg wr lwv uhodwlyh
sulfh/ zklfk jhqhudwh yduldeoh pdunxsv ryhu pdujlqdo frvw1 Iroorzlqj
Edvx +4<<8,/ wkh| dovr lqwurgxfh lqwhuphgldwh jrrgv lqwr wkh surgxfwlrq
vwuxfwxuh/ vr wkdw pdujlqdo frvwv duh khdylo| lq xhqfhg e| wkh djjuhjdwh
sulfh ohyho +jrrg fdq eh ghpdqghg hlwkhu dv lqwhuphgldwh lqsxwv ru iru 0
qdo frqvxpswlrq,1 Ilupv duh dvvxphg wr vhw sulfhv lq d vwdjjhuhg idvklrq1
Lq wklv vhwxs/ prqhwdu| vkrfnv kdyh shuvlvwhqw hhfwv rq uhdo h{fkdqjh
udwhv/ hyhq diwhu doo upv kdyh kdg wkh rssruwxqlw| wr dgmxvw sulfhv1 Wkh
lqwxlwlrq lv wkdw hdfk up lv uhoxfwdqw wr udlvh lwv sulfh zkhq rwkhu sulfhv
uhpdlq {hg erwk ehfdxvh dq lqfuhdvh lq uhodwlyh sulfh uhgxfhv lwv h{shq0
glwxuh vkduh dqg ehfdxvh wkh {hg sulfhv ri rwkhu jrrgv phdqv wkdw wkh
frvw ri lqwhuphgldwhv/ dqg khqfh wrwdo pdujlqdo frvw/ grhv qrw ulvh txlfno|1
D yduldeoh pdunxs ryhu pdujlqdo frvw phdqv wkdw ghyldwlrqv iurp wkh odz
ri rqh sulfh dovr shuvlvw1 Wklv vwdqgv lq frqwudvw wr wkh rwkhu SWP prg0
hov wkdw vshfli| d frqvwdqw hodvwlflw| ri ghpdqg +dqg wkhuhe| d frqvwdqw
pdunxs,= lq wkdw fdvh/ rqfh upv duh iuhh wr dgmxvw sulfhv/ wkh odz ri
rqh sulfh zloo eh uh0hvwdeolvkhg1 Dv vxfk/ SWP grhv qrw lq lwvhoi jhqhu0
dwh hqgrjhqrxv shuvlvwhqfh eh|rqg wkh ohqjwk ri wkh h{rjhqrxv qrplqdo
uljlglw| lq wkh prgho147 Rqh frqvhtxhqfh ri wkh vorz dgmxvwphqw lqgxfhg
e| wudqvorj suhihuhqfhv lv d odujhu dffxpxodwlrq ri qhw iruhljq dvvhwv dqg
khqfh wkhuh lv d eljjhu orqj0uxq lpsdfw rq wkh uhdo h{fkdqjh udwh1
Dq lqwhuhvwlqj ihdwxuh ri wkh prgho lv wkdw/ li wkh sdudphwhuv
iru wkh lqwhuhvw dqg frqvxpswlrq hodvwlflwlhv ri prqh| ghpdqg duh vhw
47Lqghhg/ dv vkrzq e| Iulehuj +4<<;,/ vxfk frqfdylw| lq wkh ghpdqg ixqfwlrq lv d
qhfhvvdu| frqglwlrq iru ulvn0dyhuvh upv wr qg lw rswlpdo wr suhvhw h{sruw sulfhv lq wkh
iruhljq fxuuhqf|1
48vr dv wr lqgxfh h{fkdqjh ryhuvkrrwlqj/ shuvlvwhqfh udlvhv wkh yrodwlolw|
ri h{fkdqjh udwhv= vlqfh wkh lqwhuhvw udwh glhuhqwldov shuvlvw iru vhyhudo
shulrgv/ wkh h{fkdqjh udwh pxvw eh h{shfwhg wr ghsuhfldwh iru vhyhudo
shulrgv frqvhfxwlyho| dqg/ dv vxfk/ wkh lqlwldo mxps lq wkh h{fkdqjh udwh
pxvw eh pruh h{wuhph1 Wkdw vdlg/ d odujhu h{fkdqjh udwh uhvsrqvh dowhuv
pdujlqdo frvwv dqg khqfh lqgxfhv idvwhu sulfh dgmxvwphqw/ uhgxflqj wkh
shuvlvwhqf| ri wkh lpsdfw ri d prqhwdu| vkrfn rq uhdo yduldeohv vxfk dv
wkh ohyho ri rxwsxw1
Dv vkrzq e| Ehujlq dqg Ihhqvwud +4<<;e,/ erwk wudqvorj suhi0
huhqfhv dqg lqwhuphgldwh lqsxwv fdq lqghshqghqwo| jhqhudwh hqgrjhqrxv
shuvlvwhqfh/ zlwk wkh lpsolfdwlrq wkdw rqo| rqh ri wkhvh ihdwxuhv pxvw eh
suhvhqw wr gholyhu shuvlvwhqfh1 Krzhyhu/ wkh| dovr vkrz wkdw wkhuh lv d
srvlwlyh lqwhudfwlrq ehwzhhq wkh wzr phfkdqlvpv= d juhdwhu vkduh iru lq0
whuphgldwhv lq wkh surgxfwlrq ixqfwlrq jhqhudwhv pruh shuvlvwhqfh xqghu
wudqvorj suhihuhqfhv uhodwlyh wr wkh FHV fdvh1
Vhfwlrq Y= Suhihuhqfhv dqg Whfkqrorj|
Vshfli|lqj krxvhkrog suhihuhqfhv lv d nh| ghflvlrq lq dq| plfur0
irxqghg prgho1 Wkhuh lv d orqj olvw ri fulwlfdo sdudphwhuv wr eh vhohfwhg/
lqfoxglqj wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ wkh hodvwlflwlhv ri
vxevwlwxwlrq ehwzhhq glhuhqw ydulhwlhv ri d jlyhq fodvv ri jrrg> ehwzhhq
krph dqg iruhljq jrrgv> ehwzhhq wudghg dqg qrqwudghg jrrgv> ehwzhhq
frqvxpswlrq dqg ohlvxuh> ehwzhhq sulydwh dqg jryhuqphqw frqvxpswlrq>
dqg/ qdoo|/ wkh frqvxpswlrq dqg lqwhuhvw udwh hodvwlflwlhv ri prqh| gh0
pdqg1
49D = Frqvxpswlrq Suhihuhqfhv
Wkh Uhgx{ prgho pdnhv qr glvwlqfwlrq ehwzhhq krph dqg iru0
hljq surgxfhg jrrgv lq vshfli|lqj suhihuhqfhv= doo ydulhwlhv hqwhu v|p0
phwulfdoo| lqwr wkh djjuhjdwh FHV lqgh{1 Wkh hduolhu zrun ri Vyhqvvrq
dqg ydq Zlmqehujhq +4<;<, lqvwhdg dvvxphg wkdw krph dqg iruhljq jrrgv
zhuh vxevwlwxwdeoh rqo| wr d olplwhg ghjuhh dqg dv|pphwulf suhihuhqfhv
ryhu krph dqg iruhljq jrrgv kdyh uhfhqwo| ehhq uh0lqyhvwljdwhg e| vhyhudo
dxwkruv1 Fkdul/ Nhkrh dqg PfJudwwdq +4<<;d, prgho wkh krph qdo jrrg

















zkhuh *Ew lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq glhuhqw ydulhwlhv ri
d jlyhq fdwhjru| ri jrrgv/ *E4 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq
krph dqg iruhljq jrrgv dqg wkh sdudphwhuv /4c/ 5 dqg 4 ghwhuplqh wkh
udwlr ri lpsruwv wr JGS1 Lq wkhlu fdoleudwlrq/ w dqg 4 duh vhw vxfk wkdw
wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph dqg iruhljq jrrgv lv ohvv wkdq
wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq glhuhqw ydulhwlhv ri wkh krph dqg
iruhljq jrrgv dqg /4 dqg /5 vxfk wkdw wkhuh lv pdunhg krph eldv lq
frqvxpswlrq1
Wkh dqdo|wlfv ri d olplwhg hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph
dqg iruhljq jrrgv duh zhoo looxvwudwhg e| Fruvhwwl dqg Shvhqwl +4<<;,1 Lq
wkhlu prgho/ wkh odz ri rqh sulfh lv uhwdlqhg dqg wrwdo frqvxpswlrq lv d
48Lw lv vwudljkwiruzdug wr wudqvirup wkh prgho vr wkh krph dqg iruhljq glhuhqwldwhg
jrrgv hqwhu gluhfowo| lqwr frqvxpswlrq1






zklfk lpsolhv d xqlw hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph dqg iruhljq
jrrgv149 Lq wxuq/ wklv lpsolhv frqvwdqw lqfrph vkduhv iru krph dqg iruhljq
djhqwv= li grphvwlf rxwsxw ulvhv uhodwlyh wr iruhljq rxwsxw e| 43 shufhqw/
wkh uhodwlyh sulfh ri krph jrrgv idoov e| 43 shufhqw1 Wkh ulvn0vkdulqj
surylghg e| vxfk rvhwwlqj whupv ri wudgh pryhphqwv uhqghuv vhfxulwlhv
pdunhwv uhgxqgdqw dqg wkh htxloleulxp fxuuhqw dffrxqw lv dozd|v }hur lq
wklv vhwxs14: D }hur fxuuhqw dffrxqw phdqv wkdw vkrfnv kdyh qr orqj0uxq
hhfwv dqg wklv ihdwxuh doorzv wkh dxwkruv wr zulwh d yhuvlrq ri wkh Uhgx{
prgho wkdw lv vroydeoh lq forvhg irup/ zlwkrxw uhvruwlqj wr olqhdul}dwlrqv1
Lq dgglwlrq/ wkh prgho lv wudfwdeoh zlwkrxw lpsrvlqj frpsohwh v|pphwu|
dfurvv frxqwulhv/ vr wkdw wkh lpsdfw ri vwuxfwxudo glhuhqfhv dfurvv frxq0
wulhv +h1j1 xqhtxdo frxqwu| vl}hv ru yduldwlrq lq nh| sdudphwhuv, fdq eh
dqdo|}hg1 Wklv  h{lelolw| pdnhv lw srvvleoh wr ghulyh rswlpdo srolflhv dv
ixqfwlrqv ri vwuxfwxudo sdudphwhuv dqg wkh srolf| vwdqfh ri wkh uhvw ri wkh
zruog1
Wkh fdsdelolw| wr dqdo|}h qrq0lqqlwhvpdo vkrfnv uhlqwurgxfhv
wkh whupv ri wudgh dv dq lpsruwdqw fkdqqho e| zklfk uhodwlyh rxwsxw pryh0
phqwv dhfw zhoiduh1 Lqghhg/ wkh dxwkruv vkrz wkdw d grphvwlf prqhwdu|
h{sdqvlrq fdq eh wrr odujh lq wkh vhqvh wkdw wkh srvlwlyh zhoiduh hhfw
ri dq lqfuhdvh lq krph rxwsxw fdq eh pruh wkdq rvhw e| d ghfolqh lq lwv
49Krzhyhu/ wklv irupxodwlrq phdqv wkhuh lv qr krph eldv lq frqvxpswlrq= grphvwlf
dqg iruhljq krxvhkrogv fkrrvh wkh vdph frqvxpswlrq exqgoh1
4:Vhh dovr Froh dqg Revwihog +4<<4,1
4;whupv ri wudgh1 Wklv lpsolhv wkdw wkh rswlpdo prqhwdu| vxusulvh lv qlwh
lq pdjqlwxgh/ xqolnh lq wkh Uhgx{ prgho1 Lq uhodwhg idvklrq/ lw lv qrw rs0
wlpdo iru dq lqglylgxdo frxqwu| wr fkrrvh d prqhwdu| vxusulvh vr odujh dv
wr udlvh rxwsxw wr lwv frpshwlwlyh ohyho/ vlqfh wklv zrxog xqgxo| zhdnhq lwv
whupv ri wudgh1 Pruh jhqhudoo|/ xqolnh lq wkh Uhgx{ prgho/ wkh whupv ri
wudgh phfkdqlvp phdqv wkdw prqhwdu| vxusulvhv gr qrw kdyh v|pphwulf
zhoiduh hhfwv dfurvv frxqwulhv/ uh0hvwdeolvklqj lqwhuqdwlrqdo srolf| lqwhu0
ghshqghqfh dv d vrxufh ri srwhqwldo frq lfw +vhh vhfwlrq : ehorz,1
E = Frqvxpswlrq Hodvwlflw| ri Prqh| Ghpdqg
Wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg grhv qrw dhfw
wkh yrodwlolw| ri wkh h{fkdqjh udwh lq wkh Uhgx{ prgho1 Xqghu SSS/ hdfk
frxqwu| idfhv wkh vdph uhdo lqwhuhvw udwh dqg frqvxpswlrq jurzwk udwhv
duh lghqwlfdo dfurvv frxqwulhv/ zlwk wkh lpsolfdwlrq wkdw h{fkdqjh udwh
ryhuvkrrwlqj grhv qrw rffxu lq uhvsrqvh wr vkrfnv= wkh yrodwlolw| ri wkh
qrplqdo h{fkdqjh udwh lv mxvw htxdo wr wkh yrodwlolw| ri wkh xqghuo|lqj
prqhwdu| vkrfnv1
Xqghu SWP/ lq frqwudvw/ krph dqg iruhljq sulfhv iru wkh vdph
jrrg fdq glyhujh dqg wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg uhhphujhv
dv d nh| sdudphwhu lq ghwhuplqlqj wkh qrplqdo h{fkdqjh udwh uhvsrqvh wr
d vkrfn1 Ehwwv dqg Ghyhuhx{ +4<<;d, vkrz krz h{fkdqjh udwh yrodwlolw| lv
dq lqyhuvh ixqfwlrq ri wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg1 Wkh
lqwxlwlrq lv wkh vdph dv iru wkh rxwsxw hodvwlflw| ri prqh| ghpdqg lq wkh
ruljlqdo Gruqexvfk ryhuvkrrwlqj prgho= d orz frqvxpswlrq hodvwlflw| ri
prqh| ghpdqg phdqv wkdw wkh lqwhuhvw udwh pxvw idoo wr fohdu wkh prqh|
4<pdunhw lq wkh zdnh ri d prqhwdu| h{sdqvlrq> lq wxuq/ d idoo lq wkh lqwhu0
hvw udwh lv srvvleoh rqo| li wkh h{fkdqjh udwh lv h{shfwhg wr dssuhfldwh/
jhqhudwlqj wkh ryhuvkrrwlqj skhqrphqrq1 Dvlgh iurp SWP/ dq dowhuqd0
wlyh phwkrg wr doorz iru uhdo h{fkdqjh udwh  xfwxdwlrqv lv wr doorz iru
qrqwudghg jrrgv ru krph eldv lq frqvxpswlrq/ dv lq wkh prghov uhylhzhg
ehorz lq vhfwlrq 8181 Wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg sod|v
wkh vdph uroh lq jhqhudwlqj h{fkdqjh udwh yrodwlolw| lq wkhvh prghov dv lq
SWP vhwwlqjv1
F = Frqvxpswlrq0Ohlvxuh Qrqvhsdudelolw|
Lq wkh Uhgx{ prgho/ frqvxpswlrq dqg ohlvxuh hqwhu vhsdudeo|
lqwr suhihuhqfhv1 D srwhqwldo fulwlflvp ri wklv dvvxpswlrq lv wkdw lw lv
lqfrpsdwleoh zlwk d edodqfhg jurzwk sdwk li wuhqg whfkqlfdo surjuhvv lv
frqqhg wr wkh pdunhw vhfwru= dv d frxqwu| jurzv ulfkhu/ oderu vxsso|
frqwlqxdoo| ghfolqhv/ frqyhujlqj wr d vlwxdwlrq lq zklfk oderu vxsso| lv
}hur14; Fkdul hw do1 +4<<;, dowhuqdwlyho| frqvlghu ehqfkpdun suhihuhqfhv
wkdw duh vwdqgdug lq wkh uhdo exvlqhvv f|foh olwhudwxuh dqg duh frqvlvwhqw
zlwk d edodqfhg jurzwk sdwk
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zklfk lpso| d xqlw hodvwlflw| ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg
ohlvxuh1 Zlwk wkhvh suhihuhqfhv/ d prqhwdu| vkrfn wkdw lqfuhdvhv uhodwlyh
grphvwlf rxwsxw dovr ohdgv wr udlvhg uhodwlyh grphvwlf frqvxpswlrq lq
4;Edodqfhg jurzwk lv vwloo srvvleoh lq wklv fdvh li wkhuh lv d xqlw lqwhuwhpsrudo hodvwlflw|
ri vxevwlwxwlrq1
53rughu wr frpshqvdwh iru wkh h{wud zrun hruw1 Wklv kdv wkh hhfw ri plwl0
jdwlqj wkh lpsdfw ri prqhwdu| vkrfnv rq wkh uhdo h{fkdqjh udwh/ uhgxflqj
wkh delolw| ri prqhwdu| vkrfnv wr h{sodlq wkh kljk revhuyhg yrodwlolw| lq
uhdo h{fkdqjh udwhv14<
Iru wklv uhdvrq/ Fkdul hw do1 +4<<;, dujxh wkdw suhihuhqfhv vhs0
dudeoh lq frqvxpswlrq dqg ohlvxuh duh uhtxluhg lq rughu wr h{sodlq kljk
h{fkdqjh udwh yrodwlolw|1 Dffruglqjo|/ wkhlu suhihuuhg suhihuhqfhv duh
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Wklv vshflfdwlrq fdq eh pdgh frpsdwleoh zlwk edodqfhg jurzwk li zh
dvvxph wkdw wkh surgxfwlylw| ri qrq0pdunhw dfwlylw| ulvhv lq olqh zlwk
surgxfwlylw| lq wkh pdunhw vhfwru= lq wklv fdvh/ d {hg dprxqw ri wlph
doorfdwhg wr qrq0pdunhw dfwlylw| jhqhudwhv d jurzlqj dprxqw ri ohlvxuh
vhuylfhv ryhu wlph1 Lw lv zruwk qrwlqj wkdw j ' 1 lv dovr uhtxluhg iru
edodqfhg jurzwk/ zklfk frqqhfwv wkh oderu vxsso| hodvwlflw| wr wkh lq0
whuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq1 Wkh pruh hodvwlf lv
oderu vxsso| 2 wkh juhdwhu wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lq
frqvxpswlrq/ wkh pruh yrodwloh duh uhdo h{fkdqjh udwhv1
4<Wkdw vdlg/ dv lv looxvwudwhg e| Ehujlq +4<<;,/ wkh hqkdqfhg srvlwlyh frpryhphqw
ehwzhhq grphvwlf rxwsxw dqg grphvwlf frqvxpswlrq khosv wr h{sodlq krz ghpdqg vkrfnv
fdq eh uhfrqflohg zlwk vpdoo fxuuhqw dffrxqw lpedodqfhv1 Vhh dovr Nlpedoo +4<<8, rq wkh
uroh ri qrqvhsdudelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh lq exvlqhvv f|foh prghov1
54G = Dgglqj Fdslwdo
O d e r ul vw k hr q o |i d f w r ul qw k hUhgx{ prgho1 Vlqfh rxwsxw lv
ghpdqg0ghwhuplqhg lq wkh vkruw0uxq/ wklv sduvlprqlrxv prghoolqj ri wkh
vxsso|0vlgh pd| eh mxvwlhg e| dsshdolqj wr hqkdqfhg wudfwdelolw|1 Krz0
hyhu/ Fkdul hw do +4<<;d, dujxh wkdw dgglqj fdslwdo lv lpsruwdqw/ vlqfh
prqhwdu| vkrfnv fdq fdxvh lqyhvwphqw errpv e| uhgxflqj wkh vkruw0uxq
lqwhuhvw udwh1 Lq wxuq/ wklv phdqv wkdw d prqhwdu| vkrfn pd| dfwxdoo|
jhqhudwh d fxuuhqw dffrxqw ghflw/ lq frqwudvw wr wkh Uhgx{ suhglfwlrq ri
d vxusoxv1 Lw lv zruwk qrwlqj wkdw wkh lpsdfw ri wkh lqyhvwphqw errp lv
wr udlvh fxuuhqw uhodwlyh wr ixwxuh oderu vxsso|/ vxfk wkdw wkh shuvlvwhqfh
ri vkrfnv lv glplqlvkhg1 Ehwwv dqg Ghyhuhx{ +4<<:/ 4<<;e, dovr grfxphqw
wkh uroh ri lqyhvwphqw lq wkh sursrjdwlrq ri prqhwdu| vkrfnv1
H = Qrqwudghg Jrrgv dqg Krph Eldv
Kdx +4<<;, lqwurgxfhv qrqwudghg jrrgv lqwr wkh dqdo|vlv153 Wkh
suhihuhqfh vwuxfwxuh lv wkh vdph dv lq wkh Uhgx{ prgho exw lw lv dvvxphg
wkdw d iudfwlrq ri krph dqg iruhljq jrrgv duh qrqwudgdeoh iru whfkqr0
orjlfdo uhdvrqv154 Kdx vkrzv wkdw wkh suhvhqfh ri qrqwudgdeohv lqfuhdvhv
wkh vl}h ri wkh lqlwldo h{fkdqjh udwh uhvsrqvh wr d prqhwdu| vkrfn= vlqfh
qrqwudghg sulfhv duh wlhg grzq e| wkh vwlfn| qrplqdo zdjh/ d odujhu h{0
fkdqjh udwh pryhphqw lv uhtxluhg wr dffrpsolvk d jlyhq fkdqjh lq wkh
djjuhjdwh sulfh ohyho1 Vhfrqg/ wkh suhvhqfh ri qrqwudghg jrrgv phdqv
53Vpdoo rshq hfrqrp| prghov zlwk qrqwudghg jrrgv duh glvfxvvhg lq vhfwlrq 43 ehorz1
54Dv vxfk/ qrqwudgdeohv duh lqwurgxfhg lq d xwlolw|0lqghshqghqw pdqqhu1 Wklv vwdqgv
lq frqwudvw wr wkh w|slfdo surfhgxuh ri wuhdwlqj wudghg dqg qrqwudghg jrrgv dv lpshuihfw
vxevwlwxwhv lq frqvxpswlrq1
55wkdw wkh ghpdqg h{sdqvlrq lv eldvhg wrzdugv krph jrrgv/ udlvlqj grphv0
wlf uhodwlyh wr iruhljq frqvxpswlrq1 Wklug/ vlqfh wkh uhdo h{fkdqjh udwh
lv h{shfwhg wr dssuhfldwh lq wkh wudqvlwlrq wr wkh qhz vwhdg|0vwdwh/ wkh
frqvxpswlrq0edvhg uhdo lqwhuhvw udwh lv orz dw krph uhodwlyh wr ryhuvhdv/
djdlq ohdglqj wr d zlghu frqvxpswlrq glhuhqwldo1 Wkh odwwhu wzr idf0
wruv uhgxfh wkh sulfh ohyho uhvsrqvh wr d prqhwdu| vkrfn dqg khqfh sduwo|
rvhw wkh lqfuhdvh lq h{fkdqjh udwh yrodwlolw| lqgxfhg e| wkh suhvhqfh ri
qrqwudgdeohv1 Ilqdoo|/ kljk h{fkdqjh udwh yrodwlolw| lq Kdx*v prgho lv
frwhuplqrxv zlwk kljk yrodwlolw| ri wkh uhodwlyh sulfh ri lpsruwv uhodwlyh
wr grphvwlfdoo| surgxfhg jrrgv/ zklfk lv qrw d sdwwhuq fohduo| revhuyhg
lq wkh gdwd1
Zduqrfn +4<<;, udwkhu frqvlghuv krph eldv lq suhihuhqfhv iru
wudgdeoh jrrgv= grphvwlf frqvxphuv jdlq kljkhu xwlolw| iurp frqvxpswlrq
ri grphvwlf wudgdeohv dqg wkhlu iruhljq frxqwhusduwv kdyh d fruuhvsrqglqj
suhihuhqfh iru iruhljq wudgdeohv155 Wklv vwdqgv lq frqwudvw wr wkh Uhgx{
dvvxpswlrq ri v|pphwulf suhihuhqfhv dfurvv jrrgv/ uhjdugohvv ri qdwlrq0
dolw|1 Xqghu krph eldv/ d grphvwlf prqhwdu| h{sdqvlrq lpsuryhv krph
zhoiduh e| pruh wkdq iruhljq zhoiduh/ vr wkdw wkh jdlqv duh qrw htxdoo|
vkduhg/ djdlq lq frqwudvw lq wkh Uhgx{ prgho1 Wkh lqwxlwlrq lv vlpsoh=
uhodwlyh ghpdqgv iru krph dqg iruhljq jrrgv qrz ghshqg qrw rqo| rq
uhodwlyh sulfhv exw dovr rq wkh frpsrvlwlrq ri joredo vshqglqj ehwzhhq
grphvwlf dqg iruhljq djhqwv1 Dffxpxodwlrq ri qhw iruhljq dvvhwv qrz kdv
zhdowk hhfwv rq uhodwlyh sulfhv yld wkh frpsrvlwlrq ri ghpdqg lq dgglwlrq
55Fkdul hw do +4<<;d, doorz iru krph eldv lq wkhlu qxphulfdo vlpxodwlrqv exw gr qrw
dqdo|}h lwv lpsdfw lq dq| ghwdlo1
56wr wkh oderu vxsso| fkdqqho1 Vlqfh wkh uhdo h{fkdqjh udwh qrz ghshqgv rq
wkh whupv ri wudgh/ wkh uhdo h{fkdqjh lv qr orqjhu d frqvwdqw dqg/ uhodw0
hgo|/ qrplqdo h{fkdqjh udwh ryhuvkrrwlqj rffxuv lq uhvsrqvh wr d prqhwdu|
vkrfn1
Vhfwlrq YL= Ilqdqfldo Vwuxfwxuh
Wkh Uhgx{ prgho doorzhg rqo| lqwhuqdwlrqdo wudgh lq d ulvnohvv
uhdo erqg1 Revwihog dqg Urjr ghihqg wklv dvvxpswlrq rq wkh edvlv wkdw lw
zrxog eh vwudqjh wr dqdo|}h lpshuihfwlrqv dqg uljlglwlhv lq jrrgv pdunhwv
exw dw wkh vdph wlph dvvxph wkh frpsohwhqhvv ri lqwhuqdwlrqdo fdslwdo
pdunhwv1 Frqyhuvho|/ lw lv kdug wr lpdjlqh krz sulfh ru zdjh uljlglwlhv
frxog vxuylyh lq d zruog vx!flhqwo| vrsklvwlfdwhg wkdw frpsohwh lqwhuqd0
wlrqdo ulvn vkdulqj lv dffrpsolvkhg1
D = Ilqdqfldo Pdunhw Frpsohwhqhvv
Xqghu frpsohwh pdunhwv dqg wkh odz ri rqh sulfh/ ixoo ulvn0
vkdulqj phdqv wkdw wkhuh duh qr vkliwv lq zhdowk dulvlqj iurp prqhwdu|
vkrfnv1 Wklv uxohv rxw wkh shuvlvwhqfh fkdqqho hperglhg lq wkh Uhgx{
prgho e| zklfk d vkliw lq uhodwlyh zhdowk kdv d shupdqhqw hhfw rq uho0
dwlyh oderu vxssolhv dqg khqfh uhodwlyh rxwsxwv dqg uhodwlyh sulfhv156 Dv
vxfk/ wkh frpsohwh pdunhwv dvvxpswlrq vhuyhv wr vlpsoli| wkh dqdo|vlv
e| holplqdwlqj wkh fxuuhqw dffrxqw dqg qhw iruhljq dvvhwv dv d g|qdplf
sursrjdwlrq phfkdqlvp1
56Zhuh wkhuh krph eldv lq frqvxpswlrq suhihuhqfhv/ d uhodwlyh zhdowk vkliw zrxog dovr
dhfw wkh whupv ri wudgh dqg wkh uhdo h{fkdqjh udwh yld d uhodwlyh ghpdqg vkliw1
57Lq wkhlu SWP prgho/ Fkdul hw do1 +4<<;, frpsduh wkh hhfwv
ri prqhwdu| vkrfnv xqghu frpsohwh pdunhwv yhuvxv zkhq rqo| dq xqfrq0
wlqjhqw grphvwlf0fxuuhqf| qrplqdo erqg lv wudghg1 Lw wxuqv rxw wkdw wkh
lqfrpsohwhqhvv ri qdqfldo pdunhwv pdnhv olwwoh glhuhqfh iru wkh shuvlv0
whqfh ri prqhwdu| vkrfnv lq wklv frqwh{w/ vlqfh htxloleulxp fxuuhqw dffrxqw
pryhphqwv duh vpdoo1 Wkh h{sodqdwlrq lv wkdw/ xqghu SWP/ krph frq0
vxpswlrq ri erwk grphvwlf dqg iruhljq jrrgv ulvhv exw iruhljq frqvxps0
wlrq lv olwwoh fkdqjhg zkhq d srvlwlyh grphvwlf prqhwdu| vkrfn rffxuv
exw wkh lqfuhdvh lq grphvwlf lpsruwv lv qdqfhg e| dq lqfuhdvh lq wkh
grphvwlf fxuuhqf| ydoxh ri h{sruw hduqlqjv/ vlqfh iruhljq fxuuhqf| sulfhv
duh {hg dqg wkh h{fkdqjh udwh ghsuhfldwhv1 Lqghhg/ xqghu orj0vhsdudeoh
suhihuhqfhv/ wkh fxuuhqw dffrxqw h{dfwo| uhpdlqv lq edodqfh vr wkdw wkhuh
duh qr shuvlvwhqw hhfwv ri wkh prqhwdu| vkrfn1
Ehwwv dqg Ghyhuhx{ +4<<;e, qg d vlplodu uhvxow1 Lqghhg/ wkh|
vkrz wkdw wkh lqwhuqdwlrqdo wudqvplvvlrq ri prqhwdu| vkrfnv lv qrw pxfk
glhuhqw ehwzhhq wkhvh wzr dvvhw pdunhw vwuxfwxuhv hyhq zkhq wkh odz ri
rqh sulfh krogv/ vlqfh htxloleulxp fxuuhqw dffrxqw pryhphqwv duh txdqwl0
wdwlyho| vpdoo157 Krzhyhu/ Wlooh +4<<:, srlqwv rxw wkdw qdqfldo vwuxfwxuh
grhv lq jhqhudo txdolwdwlyho| dowhu wkh fxuuhqw dffrxqw uhvsrqvh wr d prq0
hwdu| vkrfn xqghu SWP1 Iru lqvwdqfh/ li rqo| d krph0fxuuhqf| qrplqdo
erqg lv wudghg/ dqwlflsdwhg h{fkdqjh udwh pryhphqwv dowhu wkh uhdo lqwhuhvw
udwh idflqj iruhljq krxvhkrogv dqg khqfh wlow wkhlu rswlpdo frqvxpswlrq
sdwk1
57Wkdw vdlg/ wkhvh dxwkruv vkrz wkdw wkh dvvhw pdunhw vwuxfwxuh lv h{wuhpho| lpsruwdqw
iru wkh wudqvplvvlrq ri vfdo vkrfnv1 Wkh ghqrplqdwlrq ri vwlfn| sulfhv/ lq frqwudvw/ lv
uhodwlyho| xqlpsruwdqw iru wkh vfdo fdvh1
58Wkh xqlw hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph dqg iruhljq
jrrgv sursrvhg e| Fruvhwwl dqg Shvhqwl +4<<;, dqg dgrswhg e| Revwihog
dqg Urjr +4<<;, vlghvwhsv wkh lvvxh/ vlqfh frqvwdqw lqfrph vkduhv iru
krph dqg iruhljq djhqwv dqg dv vxfk pdnh vhfxulwlhv pdunhwv uhgxqgdqw1
Krzhyhu wklv wulfn grhv qrw zrun xqghu SWP vlqfh krph dqg iruhljq sulfh
ohyhov duh gholqnhg dqg h{fkdqjh udwh ghsuhfldwlrq lv qrw v|qrq|prxv zlwk
d ghwhulrudwlrq lq wkh whupv ri wudgh1
E = Wudglqj Iulfwlrqv
Wudglqj iulfwlrqv duh lqwurgxfhg e| Vxwkhuodqg +4<<9, zkr dv0
vxphv wkdw rqo| erqg wudgh lv srvvleoh exw wkh sxufkdvh ri iruhljq erqgv
lqyroyhv frqyh{ dgmxvwphqwv frvwv1 Wkh lpsdfw ri wkh wudglqj iulfwlrqv
lv wr doorz wkh grphvwlf lqwhuhvw udwh wr ghyldwh iurp wkh iruhljq lqwhuhvw
udwh1 Lq wkh hyhqw ri d grphvwlf prqhwdu| vkrfn/ wkh grphvwlf lqwhuhvw
udwh ghfolqhv dqg d qhjdwlyh lqwhuhvw udwh glhuhqwldo ghyhorsv1 Dvvrfl0
dwhg zlwk d qhjdwlyh lqwhuhvw udwh glhuhqwldo lv d odujhu mxps lq uhodwlyh
grphvwlf frqvxpswlrq dqg wkhvh idfwruv lpso| d vpdoohu h{fkdqjh udwh gh0
suhfldwlrq1 Lq wxuq/ wklv lpsolhv grphvwlf rxwsxw ulvhv e| ohvv1 Ilqdoo|/ wkh
h{fkdqjh udwh xqghuvkrrwv lwv orqj0uxq ohyho1 Dv vxfk/ lpshuihfw qdqfldo
lqwhjudwlrq ohdgv wr orzhu yrodwlolw| lq wkh h{fkdqjh udwh dqg frqvxps0
wlrq exw odujhu yrodwlolw| lq rxwsxw dqg lqwhuhvw udwhv1 Xqvxusulvlqjo|/
frqvxpswlrq wudfnv rxwsxw pruh forvho| dqg dffruglqjo| fxuuhqw dffrxqw
lpedodqfhv duh vpdoohu1
Vxwkhuodqg vshflhv Fdoyr0vw|oh qrplqdo uljlglw|1 Dq lqwhuhvwlqj
uhvxow lv wkdw eduulhuv wr qdqfldo lqwhjudwlrq kdyh d odujhu lpsdfw/ wkh
59juhdwhu wkh ghjuhh ri sulfh lqhuwld +l1h1/ wkh pruh uduho| gr upv dgmxvw
sulfhv,1 Wkh lqwxlwlrq lv vlpsoh= wkh juhdwhu lv sulfh lqhuwld/ wkh vorzhu lv
wkh dgmxvwphqw ri rxwsxw wr vkrfnv dqg wkh pruh djhqwv zdqw wr vprrwk
frqvxpswlrq yld lqwhuqdwlrqdo qdqfldo pdunhwv1
Vhqd| +4<<;, dgdswv wkh Vxwkhuodqg prgho wr dgglwlrqdoo| lqfru0
srudwh jrrgv pdunhw vhjphqwdwlrq dqg SWP ehkdylru1 Vkh frqvlghuv d
ydulhw| ri prqhwdu|/ vfdo dqg surgxfwlylw| glvwxuedqfhv1 Lq prvw fdvhv/
vkh qgv wkdw wkhuh lv yhu| olplwhg lqwhudfwlrq ehwzhhq wkh h{whqw ri 0
qdqfldo pdunhw lqwhjudwlrq dqg jrrgv pdunhw lqwhjudwlrq lq ghwhuplqlqj
wkh pdfurhfrqrplf hhfwv ri vkrfnv1 Krzhyhu wkh uroh ri qdqfldo pdunhw
lqwhjudwlrq lq ghwhuplqlqj wkh rxwsxw uhvsrqvh wr d prqhwdu| vkrfn gh0
shqgv fulwlfdoo| rq wkh h{whqw ri jrrgv pdunhw lqwhjudwlrq= Vhqd| vkrzv
wkdw qdqfldo pdunhw lqwhjudwlrq uhgxfhv wkh rxwsxw uhvsrqvh wr d prq0
hwdu| vkrfn li jrrgv pdunhwv duh vhjphqwhg exw dfwxdoo| lqfuhdvhv wkh
rxwsxw uhvsrqvh li jrrgv pdunhwv duh lqwhjudwhg1
F = Prqh| Vkrfnv dqg Dvvhw Sulfhv
Ilqdoo|/ Nroopdqq +4<<;, srlqwv rxw wkdw g|qdplf jhqhudo htxl0
oleulxp prghov zlwk qrplqdo uljlglwlhv duh uhohydqw lq h{sodlqlqj wkh lp0
sdfw ri prqhwdu| vkrfnv rq htxlw| pdunhwv/ vlqfh surw ohyhov +dqg khqfh
glylghqgv, duh dhfwhg e| prqhwdu| vkrfnv lq wkhvh prghov1 Lq klv prgho/
kh doorzv iru lqwhuqdwlrqdo erqg wudgh exw htxlw| lv rqo| grphvwlfdoo|
wudghg1 Kh vwxglhv wkh lpsdfw ri prqhwdu| vkrfnv rq htxlw| dqg erqg uh0
wxuqv1 Prqhwdu| vkrfnv jhqhudwh yrodwloh dvvhw uhwxuqv exw wkh suhglfwhg
furvv0frxqwu| fruuhodwlrqv ri udwhv ri uhwxuq rq erqgv dqg htxlw| duh pxfk
5:vpdoohu wkdq wkrvh revhuyhg lq wkh gdwd1
Vhfwlrq YLL= Lqwhuqdwlrqdo Srolf| Lqwhughshqghqfh
Rqh ri wkh reylrxv dssolfdwlrqv ri wkh qhz prghov lv wr uhylvlw
wkh hfrqrplfv ri lqwhuqdwlrqdo prqhwdu| srolf| lqwhughshqghqfh1 Lq wkh
odqjxdjh ri Frrshu dqg Mrkq +4<;;,/ wkh nh| txhvwlrqv wr dvn duh zkhwkhu
prqhwdu| srolflhv kdyh srvlwlyh vslooryhu hhfwv +l1h1 grhv d iruhljq prq0
hwdu| h{sdqvlrq udlvh grphvwlf zhoiduhB, dqg zkhwkhu krph dqg iruhljq
prqhwdu| srolflhv duh vwudwhjlf frpsohphqwv ru vxevwlwxwhv +l1h1 grhv d
iruhljq prqhwdu| h{sdqvlrq lqgxfh wkh krph fhqwudo edqn wr h{sdqg/
frqwudfw ru ohdyh xqfkdqjhg wkh grphvwlf prqhwdu| vwdqfhB,1 Lq wkh Uh0
gx{ prgho/ prqhwdu| srolflhv kdyh srvlwlyh vslooryhu hhfwv exw krph dqg
iruhljq prqhwdu| srolflhv duh vwudwhjlfdoo| lqghshqghqw1
Lq wkh Fruvhwwl0Shvhqwl prgho lqwurgxfhg deryh/ dv lq wkh Uh0
gx{ prgho/ d vxusulvh prqhwdu| h{sdqvlrq dozd|v kdv d srvlwlyh vslooryhu
hhfw rq wkh zhoiduh ri wkh rwkhu frxqwu|/ yld wkh ghfolqh lq wkh zruog
lqwhuhvw udwh dqg wkh lpsuryhphqw lq lwv whupv ri wudgh1 Krzhyhu/ lq wklv
vhwxs/ wkh vljq ri wkh srolf| uhvsrqvh ixqfwlrq ghshqgv rq wkh lqwhusod|
ehwzhhq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg wkh lqwudwhpsrudo
hodvwlflw| ri vxevwlwxwlrq ehwzhhq krph dqg iruhljq jrrgv1 +Wkh odwwhu lv
{hg dw xqlw| gxh wr wkh Free0Grxjodv suhihuhqfhv1, Li wkh lqwhuwhpsrudo
hodvwlflw| lv odujhu wkdq wkh lqwudwhpsrudo hodvwlflw|/ srolflhv duh vwudwh0
jlf vxevwlwxwhv= wkh krph fhqwudo edqn uhvsrqgv wr d iruhljq prqhwdu|
h{sdqvlrq e| frqwudfwlqj grphvwlf prqhwdu| srolf|1 Wkh uhdvrq lv wkdw/
xqghu wklv sdudphwhu frpelqdwlrq/ wkh iruhljq h{sdqvlrq udlvhv grphvwlf
5;rxwsxw uhodwlyh wr lwv lqlwldo rswlpl}hg ydoxh/ lpsrvlqj dq h{fhvvlyh frvw lq
whupv ri iruhjrqh krph ohlvxuh/ dqg wkh rswlpdo uhvsrqvh lv wr rvhw wkh
h{sdqvlrq lq rxwsxw e| uhgxflqj wkh grphvwlf prqh| vxsso|1 Frqyhuvho|/
li wkh lqwhuwhpsrudo hodvwlflw| lv ohvv wkdq wkh lqwudwhpsrudo hodvwlflw|/ wkh
iruhljq h{sdqvlrq uhgxfhv krph rxwsxw dqg lw lv rswlpdo iru wkh grphvwlf
fhqwudo edqn wr uhvsrqg zlwk dq h{sdqvlrqdu| srolf|158 Ilqdoo|/ li wkh lq0
whuwhpsrudo dqg lqwudwhpsrudo hodvwlflwlhv frlqflgh/ wkh ehvw uhvsrqvh wr
d iruhljq srolf| vkrfn lv wr gr qrwklqj dqg ohdyh wkh grphvwlf srolf|
vwdqfh xqfkdqjhg1
Lq wklv vhwxs/ wkh h!flhqw ohyho ri rxwsxw fdq eh rewdlqhg rqo|
zlwk d frruglqdwhg prqhwdu| h{sdqvlrq1 Wklv lv iru wkh uhdvrq glvfxvvhg
hduolhu= d frxqwu| xqghuwdnlqj d xqlodwhudo h{sdqvlrq zrxog wdnh lqwr
dffrxqw wkh qhjdwlyh whupv ri wudgh hhfw dqg khqfh fkrrvh d wljkwhu
srolf|1
Ehqljqr +4<<;, ghyhorsv ixuwkhu wkh vwudwhjlf irxqgdwlrqv ri sro0
lf| frruglqdwlrq lq wkh Fruvhwwl0Shvhqwl prgho1 Kh frqvlghuv wzr frxqwulhv
ri xqhtxdo vl}h1 Lq oljkw ri wkh srvlwlyh vslooryhu lq wkh prgho/ qrqfrrshud0
wlrq lpsduwv d frqwudfwlrqdu| eldv vlqfh hdfk frxqwu| grhv qrw lqwhuqdol}h
wkh jdlq wr wkh rwkhu frxqwu| iurp vxusulvh prqhwdu| h{sdqvlrq1 Eh0
qljqr frqvlghuv wkh vxvwdlqdelolw| ri d frrshudwlyh dssurdfk wr prqhwdu|
srolf| irupdwlrq/ zkhuh frrshudwlrq hqwdlov d sdlu ri prqhwdu| srolflhv
wkdw ohdyhv wkh whupv ri wudgh xqfkdqjhg1 Rswlpdo frrshudwlrq ohdgv wr
d mrlqw vxusulvh prqhwdu| h{sdqvlrq odujh hqrxjk wr sxvk erwk hfrqrplhv
58Lq wkh odqjxdjh ri Vyhqvvrq dqg ydq Zlmqehujhq +4<;<,/ krph dqg iruhljq jrrgv duh
Hgjhzruwk0Sduhwr frpsohphqwv lq wkh iruphu fdvh dqg Hgjhzruwk0Sduhwr vxevwlwxwhv lq
wkh odwwhu1
5<wr frpshwlwlyh rxwsxw ohyhov1 Uhodwlyh wr wkh qrqfrrshudwlyh +Qdvk, rxw0
frph/ wkh whupv ri wudgh lq wkh frpshwlwlyh htxloleulxp lv orzhu iru wkh
odujhu frxqwu|1 Lqghhg/ li wkh odujhu frxqwu| lv elj hqrxjk/ wkh qhjdwlyh
lpsdfw rq wkh whupv ri wudgh pd| eh vr odujh wr ohdyh lw zruvh r wkdq lq
wkh Qdvk htxloleulxp/ pdnlqj frrshudwlrq dq xqvxvwdlqdeoh htxloleulxp1
Ehqljqr wkhq frqvlghuv zkhwkhu sduwldo pxwxdo jdlqv duh ihdvleoh e| ghoh0
jdwlqj prqhwdu| srolf| wr d vxsudqdwlrqdo dxwkrulw|1 Rqo| rxwfrphv wkdw
pdnh erwk frxqwulhv ehwwhu r wkdq lq wkh Qdvk htxloleulxp duh frqvlg0
huhg1 Lq jhqhudo/ wkh vpdoohu frxqwu| lv sxvkhg wr wkh frpshwlwlyh rxwsxw
ohyho zkloh wkh odujhu frxqwu| uhwdlqv vrph prqrsro| srzhu +lq rughu wr
suhvhuyh lwv whupv ri wudgh,1
Wlooh +4<<;d, uhod{hv wkh Fruvhwwl0Shvhqwl uhvwulfwlrq ri d xqlw
vxevwlwxwlrq hodvwlflw| ehwzhhq krph dqg iruhljq jrrgv1 Xqghu wkh odz ri
rqh sulfh/ kh vkrzv wkdw grphvwlf prqhwdu| h{sdqvlrq fdq eh d ehjjdu
wk|vhoi srolf| li krph dqg iruhljq jrrgv duh vx!flhqwo| srru vxevwlwxwhv/
vlqfh wkh qhjdwlyh whupv ri wudgh hhfw grplqdwhv wkh h{sdqvlrq lq gr0
phvwlf rxwsxw159 Lq frqwudvw/ li krph dqg iruhljq jrrgv duh pruh forvho|
vxevwlwxwdeoh/ wkh ehjjdu wk| qhljkerxu uhvxow dssolhv1
D pxowl0frxqwu| zruog udlvhv vrph lqwhuhvwlqj srvvlelolwlhv1 Iru
lqvwdqfh/ frqvlghu d fhqwhu0shulskhu| prgho zkhuh shulskhudo frxqwulhv D
dqg E vhoo vlplodu jrrgv wr wkh fhqwhu frxqwu| F dqg frxqwu| F lq wxuq
h{sruwv d glvwlqfw jrrg wr wkh shulskhu|1 Lq wklv fdvh/ d prqhwdu| h{sdq0
vlrq e| frxqwu| D frxog eh ehjjdu wk| qhljkeru zlwk uhvshfw wr frxqwu|
59Orpedugr +4<<;, pdnhv wkh srlqw wkdw wkh wudgh edodqfh uhvsrqvh wr d srvlwlyh prq0
hwdu| vkrfn pd| eh qhjdwlyh li krph dqg iruhljq jrrgv duh vx!flhqwo| srru vxevwlwxwhv1
63E/ vlqfh ghydoxdwlrq vzlwfkhv ghpdqg lq frxqwu| F wrzdugv frxqwu| D*v
jrrgv dqg dzd| iurp wkh jrrgv ri frxqwu| E/ exw ehjjdu wk|vhoi* zlwk
uhvshfw wr frxqwu| F/ vlqfh dq lqfuhdvh lq frxqwu|*v D surgxfwlrq kdv d
ghohwhulrxv lpsdfw rq lwv whupv ri wudgh1 Fruvhwwl hw do1 +4<<<, ixuwkhu
frqvlghu vxfk vfhqdulrv dqg udqn wkh dowhuqdwlyh srolf| uhvsrqvhv rshq
wr frxqwu| E lq uhdfwlrq wr d prqhwdu| h{sdqvlrq lq frxqwu| D1 Djdlq/
wkh ghqrplqdwlrq ri sulfh vwlfnlqhvv lv fuxfldo1 Li sulfhv duh vhw lq vhoohuv*
fxuuhqf|/ d ghydoxdwlrq e| frxqwu| D kdv qhjdwlyh h{shqglwxuh0vzlwfklqj
hhfwv rq frxqwu| E1 Xqghu SWP/ lq zklfk sulfhv duh vhw lq ex|huv* fxu0
uhqf|/ wklv uhodwlyh sulfh fkdqqho lv vzlwfkhg r1
Gr|oh +4<<;, vlploduo| h{dplqhv d fhqwhu0shulskhu| prgho/ lq
zklfk fhqwudo edqnv lq wkh shulskhudo frxqwulhv duh ri wkh vdph w|sh exw
wklv w|sh lv qrw lqlwldoo| frpprq nqrzohgjh1 Kh vkrzv krz d orfdo sur0
gxfwlylw| vkrfn pd| wuljjhu d ghydoxdwlrq lq d shulskhudo frxqwu|/ li lwv
prqhwdu| dxwkrulw| sodfhv vrph zhljkw rq vrfldo zhoiduh lq dgglwlrq wr
sulfh vwdelolw|1 Krzhyhu/ vlqfh doo wkhlu fhqwudo edqnv duh ri d frpprq
w|sh dqg wklv dfwlrq qrz uhyhdov wkhp wr eh qrw ixoo| frpplwhg wr sulfh
vwdelolw|/ wkh lqlwldo ghydoxdwlrq ohdgv wr vshfxodwlyh dwwdfnv rq wkh rwkhu
shulskhudo frxqwulhv1 Lq wklv zd|/ lqirupdwlrq0edvhg frqwdjlrq fdq wdnh
sodfh1
Ehwwv dqg Ghyhuhx{ +4<<;, dovr frqvlghu lqwhuqdwlrqdo srolf| fr0
ruglqdwlrq zkhq wkh odz ri rqh sulfh idlov wr krog1 Dv zdv qrwhg hdu0
olhu/ h{fkdqjh udwh ghsuhfldwlrq fdq dfwxdoo| lpsuryh d frxqwu|*v whupv ri
wudgh xqghu SWP/ vlqfh h{sruw sulfhv duh {hg lq iruhljq fxuuhqf| dqg h{0
fkdqjh udwh ghsuhfldwlrq wkhuhe| udlvhv wkh ydoxh ri h{sruw uhyhqxhv zkhq
64frqyhuwhg lqwr wkh grphvwlf fxuuhqf|1 Zlwk ixoo SWP/ prqhwdu| srolf|
dfwxdoo| h{huwv d qhjdwlyh vslooryhu hhfw= d grphvwlf prqhwdu| h{sdq0
vlrq uhgxfhv iruhljq zhoiduh e| jhqhudwlqj d ghwhulrudwlrq lq wkh iruhljq
frxqwu|*v whupv ri wudgh15:
Wkh dxwkruv dqdo|}h rswlpdo glvfuhwlrqdu| srolf| lq dq hqylurq0
phqw lq zklfk wkh zhoiduh jdlqv iurp prqhwdu| h{sdqvlrq pxvw eh vhw
djdlqvw txdgudwlf frvwv ri lq dwlrq wkdw duh lqwurgxfhg lqwr wkh prgho1
Wkh| vkrz wkdw sulflqj wr pdunhw fkdqjhv wkh qdwxuh ri lqwhuqdwlrqdo sro0
lf| frruglqdwlrq1 Zkhq wkh odz ri rqh sulfh krogv/ srolf| vslooryhuv duh
srvlwlyh dqg srolf| frruglqdwlrq whqgv wr gholyhu d idvwhu udwh ri prqhwdu|
h{sdqvlrq uhodwlyh wr wkh qrqfrrshudwlyh fdvh> zlwk ixoo sulflqj wr pdunhw/
srolf| vslooryhuv duh qhjdwlyh dqg srolf| frruglqdwlrq ohdgv wr vorzhu udwh
ri prqhwdu| h{sdqvlrq15; Lq htxloleulxp/ wkh lq dwlrq udwh htxdov wkh udwh
ri prqhwdu| h{sdqvlrq vr wkdw sulflqj wr pdunhw uhvwruhv wkh udwlrqdoh iru
lqwhuqdwlrqdo srolf| frruglqdwlrq/ lq wkh vhqvh wkdw lw ohdgv wr d frvwohvv
ghfolqh lq wkh frpprq zruog lq dwlrq udwh1
Ilqdoo|/ Ghyhuhx{ +4<<;, vwxglhv wkh yxoqhudelolw| ri d frxqwu|
wr iruhljq prqhwdu| vkrfnv xqghu dowhuqdwlyh h{fkdqjh udwh uhjlphv1 Kh
p d n h vw k hs r l q ww k d ww k hp h u l w vr ih { f k d q j hu d w h h { l e l o l w |d vd qd g m x v w 0
phqw phfkdqlvp duh vkduso| uhgxfhg e| SWP/ vlqfh h{fkdqjh udwhv gr
qrw dowhu uhodwlyh sulfhv dqg khqfh gr qrw sod| dq doorfdwlyh phfkdqlvp
xqghu SWP1 Iru wklv uhdvrq/ d frxqwu| wkdw {hv lwv h{fkdqjh udwh grhv
5:Wlooh +4<<;e, vlploduo| uhfrjql}hv wkdw SWP pdnhv ehjjdu wk| qhljkeru d pruh
olnho| rxwfrph wkdq ehjjdu wk|vhoi hyhq zlwk olplwhg vxevwlwxwdelolw| ehwzhhq krph
dqg iruhljq jrrgv1
5;Lq wklv zd|/ sulflqj wr pdunhw uhyhuvhv wkh srlqw pdgh e| Urjr +4<;8,1
65qrw qhfhvvdulo| vxhu lqfuhdvhg rxwsxw yrodwlolw|/ zklfk lv d ghyldwlrq iurp
wkh fdofxoxv wudglwlrqdoo| dssolhg wr wkh h{fkdqjh udwh uhjlph ghflvlrq1
Vhfwlrq YLLL= Lqwurgxflqj Xqfhuwdlqw|
Wkh Uhgx{ prgho dqdo|}hg wkh hhfwv ri dq xqdqwlflsdwhg prqh0
wdu| vkrfn dqg wklv dssurdfk kdv ehhq iroorzhg e| pxfk ri wkh vxevhtxhqw
olwhudwxuh1 D uhfhqw lqqrydwlrq kdv ehhq wr dqdo|}h vwlfn|0sulfh jhqhudo
htxloleulxp prghov lq dq h{solflwo| vwrfkdvwlf vhwwlqj1
Revwihog dqg Urjr +4<<;, lqwurgxfh xqfhuwdlqw| lqwr wkh Fruvhwwl0
Shvhqwl vshflfdwlrq1 Dv ehiruh/ wkh dvvxpswlrqv ri d xqlw hodvwlflw| ri
vxevwlwxwlrq ehwzhhq krph dqg iruhljq jrrgv dqg wkh odz ri rqh sulfh lq
wklv prgho juhdwo| vlpsolhv wkh dqdo|vlv vlqfh uhodwlyh sulfh pryhphqwv
lq hhfw jxdudqwhh frpsohwh frqvxpswlrq ulvn0vkdulqj/ vlqfh krph dqg
iruhljq vkduhv lq joredo uhdo lqfrph duh {hg sursruwlrqv1 Prqhwdu| xq0
fhuwdlqw| lv lqwurgxfhg e| dvvxplqj krph dqg iruhljq prqh| vwrfnv iroorz
orj0qrupdo vwrfkdvwlf surfhvvhv1
Wkh vhwxs shuplwv wkh prghoolqj ri sulfh vhwwlqj xqghu xqfhu0
wdlqw|1 Vlqfh xqfhuwdlqw| dhfwv wkh htxloleulxp sulfhv wkdw duh fkrvhq/
lw kdv dq lpsdfw rq h{shfwhg frqvxpswlrq ohyhov/ wkh whupv ri wudgh dqg
uhodwlyh rxwsxw ohyhov1 Iru lqvwdqfh/ li wkh krph frxqwu| idfhv prqhwdu|
xqfhuwdlqw|/ lwv upv lqfrusrudwh d ulvn suhplxp lqwr rxwsxw sulfhv/ gh0
suhvvlqj surgxfwlrq exw lpsurylqj wkh whupv ri wudgh1 Lq wklv zd|/ xqfhu0
wdlqw| kdv uvw0rughu hhfwv rq h{0dqwh zhoiduh ohyhov1 D qrwhzruwk| uhvxow
lv wkdw krph dqg iruhljq frxqwulhv kdyh wkh vdph lqfhqwlyhv lq ghvljqlqj
dq rswlpdo joredo h{fkdqjh udwh v|vwhp/ vlqfh prqhwdu| xqfhuwdlqw| kdv
66v|pphwulf hhfwv rq h{0dqwh zhoiduh lq erwk frxqwulhv/ ghvslwh h{0dqwh
glhuhqfhv lq sulfh vhwwlqj dqg h{0srvw glhuhqfhv lq uhodwlyh rxwsxw ohy0
hov1 Pruhryhu/ wklv uhvxow krogv hyhq li wkh krph dqg iruhljq frxqwulhv
duh glhuhqw lq whupv ri uhodwlyh vl}h/ frqwudu| wr wkh xvxdo suhvxpswlrq
wkdw vpdoo frxqwulhv vkrxog fduh pruh derxw h{fkdqjh udwh vwdelolw|1 Wkdw
vdlg/ wkh Revwihog0Urjr dqdo|vlv lv kljko| vshflf/ lq lpsrvlqj wkh odz
ri rqh sulfh dqg d xqlw vxevwlwxwlrq hodvwlflw| ehwzhhq krph dqg iruhljq
jrrgv1
Wkh prgho dovr pdnhv lqwhuhvwlqj suhglfwlrqv iru dvvhw sulflqj1
Iru lqvwdqfh/ wkh ulvn suhplxp rq d yrodwloh fxuuhqf| pd| dfwxdoo| eh
qhjdwlyh li h{fkdqjh udwh pryhphqwv khgjh frqvxpswlrq yrodwlolw|1 Wklv
uhdvrqlqj surylghv d qryho h{sodqdwlrq ri wkh iruzdug suhplxp sx}}oh=
d kljk0lq dwlrq frxqwu| pd| dovr kdyh d uhodwlyho| yrodwloh fxuuhqf| wkdw
khgjhv frqvxpswlrq ulvn/ wkhuhe| vlpxowdqhrxvo| jhqhudwlqj d srvlwlyh
h{shfwhg ghsuhfldwlrq udwh exw d qhjdwlyh iruzdug suhplxp1 Pruhryhu/
lw lv vkrzq wkdw prqhwdu| xqfhuwdlqw| kdv pdjqlhg hhfwv rq wkh ohyho
ri wkh h{fkdqjh udwh uhodwlyh wr wkh iruzdug suhplxp1 Li wkh iruzdug
suhplxp lv yrodwloh/ dv lv frpprqo| dffhswhg/ wkhq wkhlu dqdo|vlv surylghv
d fdqglgdwh h{sodqdwlrq iru wkh kljk yrodwlolw| lq wkh dfwxdo ohyho ri wkh
h{fkdqjh udwh1
Ghyhuhx{ dqg Hqjho +4<<;d, h{whqg wkh xqfhuwdlqw| dqdo|vlv ri
Revwihog dqg Urjr +4<<;, wr doorz iru SWP1 Pruhryhu/ wkh| hpsor|
wkhlu prgho wr pdnh d zhoiduh frpsdulvrq ehwzhhq {hg dqg  h{leoh h{0
fkdqjh udwh duudqjhphqwv1 Wklv lv lqwhuhvwlqj vlqfh wkh irupdo zhoiduh
dqdo|vlv ri h{fkdqjh udwh uhjlphv kdv ehhq frqqhg wr  h{leoh0sulfh hqyl0
67urqphqwv xqwlo qrz15< Wkhvh dxwkruv vkrz krz uhjlph hydoxdwlrq fuxfldoo|
ghshqgv rq wkh qdwxuh ri sulflqj1 H{fkdqjh udwh v|vwhpv pdwwhu qrw rqo|
iru wkh yduldqfhv ri frqvxpswlrq/ uhdo edodqfhv dqg ohlvxuh exw dovr iru
wkhlu phdq ydoxhv/ rqfh ulvn suhpld duh lqfrusrudwhg lqwr sulflqj ghfl0
vlrqv1 Vlqfh SWP lqvxodwhv frqvxpswlrq iurp h{fkdqjh udwh  xfwxdwlrqv/
 rdwlqj h{fkdqjh udwhv duh ohvv frvwo| xqghu SWP wkdq xqghu surgxfhu
fxuuhqf| sulflqj dqg d  h{leoh uhjlph zloo grplqdwh shjjlqj zkhqhyhu
djhqwv duh dw ohdvw dv ulvn dyhuvh dv orjdulwkplf frqvxphuv +zklfk lv wkh
hpslulfdoo| uhohydqw udqjh,1 Xqghu surgxfhu fxuuhqf| sulflqj/ lq frqwudvw/
{hg h{fkdqjh udwhv zloo eh suhihuuhg li ulvn dyhuvlrq lv vx!flhqwo| kljk163
Edffkhwwd dqg ydq Zlqfrrs +4<<;, dovr dqdo|}h prqhwdu| xq0
fhuwdlqw| xqghu SWP exw lq d vlpsohu wzr0shulrg g|qdplf iudphzrun wkdw
doorzv wkhp wr dqdo|}h wkh lpsdfw ri qrqvhsdudelolwlhv ehwzhhq frqvxps0
wlrq dqg ohlvxuh lq suhihuhqfhv1 D nh| uhvxow lv wkdw prqhwdu| xqfhuwdlqw|
pdnhv lw rswlpdo wr fkdujh glhuhqw sulfhv lq krph dqg iruhljq pdunhwv=
li frqvxpswlrq dqg ohlvxuh duh vxevwlwxwhv/ d kljkhu sulfh lv fkdujhg wr
iruhljq uhodwlyh wr grphvwlf fxvwrphuv/ wkhuhe| uhgxflqj wkh yroxph ri lq0
whuqdwlrqdo wudgh1 Lq wklv zd|/ wkh rog ihdu wkdw h{fkdqjh udwh xqfhuwdlqw|
uhgxfhv wudgh lv irupdol}hg lq d jhqhudo htxloleulxp vhwwlqj lq zklfk h{0
5<Vhh/ dprqjvw rwkhuv/ Khospdq +4<;4,1 Wkhuh lv d orqj wudglwlrq ri frpsdulqj h{0
fkdqjh udwh uhjlphv xqghu qrplqdo uljlglwlhv exw wklv olwhudwxuh kdv hpsor|hg dg krf orvv
ixqfwlrqv= vhh Jhqehuj +4<;<, iru d vxuyh|1
63Ghyhuhx{ dqg Hqjho +4<<;e, doorz iru lqwhuqdwlrqdol}hg surgxfwlrq/ e| zklfk krph
upv xvh iruhljq oderxu wr surgxfh iru wkh iruhljq pdunhw dqg/ frqyhuvho|/ iruhljq upv
hpsor| krph zrunhuv wr surgxfh iru wkh krph pdunhw1 Xqghu ixoo ulvn0vkdulqj/ krph
dqg iruhljq uhdo zdjhv duh htxdol}hg vr wkh lqwhuqdwlrqdol}dwlrq ri surgxfwlrq grhv qrw
dowhu wkh sulfhv fkdujhg e| upv1 Xqghu SWP/ lqwhuqdwlrqdol}hg surgxfwlrq lqvxodwhv
grphvwlf hpsor|phqw iurp iruhljq prqhwdu| vkrfnv vlqfh fkdqjhv lq iruhljq ghpdqg iru
krph jrrgv duh phw e| dq lqfuhdvh lq iruhljq surgxfwlrq e| grphvwlf upv xvlqj iruhljq
oderu1
68fkdqjh udwh yrodwlolw| dqg wudgh yroxphv duh mrlqwo| ghwhuplqhg iurp wkh
vwrfkdvwlf surshuwlhv ri wkh xqghuo|lqj ixqgdphqwdov1
Wkh lqwxlwlrq iru wkh uhvxow lv wkdw wkh fruuhodwlrqv ehwzhhq gr0
phvwlf oderu frvwv dqg krph dqg iruhljq ohyhov ri ghpdqg duh fhqwudo lq
ghwhuplqlqj krph dqg iruhljq rxwsxw sulfhv1 Xqghu vhsdudeoh suhihu0
hqfhv/ zdjhv duh pruh srvlwlyho| fruuhodwhg zlwk grphvwlf ghpdqg wkdq
iruhljq ghpdqg1 Rq wkh rqh vlgh/ wklv vkrxog udlvh wkh krph sulfh uhodwlyh
wr wkh iruhljq sulfh1 Krzhyhu/ wkh srvlwlyh fruuhodwlrq phdqv wkdw zdjhv
duh kljk suhflvho| zkhq ghpdqg lv kljk dqg upv duh deoh wr devrue dq
lqfuhdvh lq frvwv1 Zlwk vhsdudeoh suhihuhqfhv/ wkhvh hhfwv fdqfho rxw dqg
wkh vdph sulfh lv fkdujhg lq erwk pdunhwv1 Zkhq frqvxpswlrq dqg ohlvxuh
duh frpsohphqwv/ wkh fruuhodwlrq ehwzhhq zdjhv dqg grphvwlf ghpdqg lq0
fuhdvhv |hw ixuwkhu dqg wkh iruphu hhfw grplqdwhv/ ohdglqj wr d uhodwlyho|
kljkhu grphvwlf sulfh1 Lq frqwudvw/ wkh fruuhodwlrq ehwzhhq zdjhv dqg gr0
phvwlf ghpdqg idoov zkhq frqvxpswlrq dqg ohlvxuh duh vxevwlwxwhv/ vxfk
wkdw wkh odwwhu hhfw lv pruh lpsruwdqw dqg wkh krph sulfh idoov ehorz wkh
iruhljq sulfh1 Lq wklv fdvh/ surgxfwlrq lv rulhqwdwhg wr wkh krph pdunhw
dqg wkh yroxph ri lqwhuqdwlrqdo wudgh ghfolqhv1
Pruhryhu/ xqfhuwdlqw| dhfwv wudgh yroxphv hyhq zlwk frpsohwh
lqwhuqdwlrqdo qdqfldo pdunhwv1 Dv dovr qrwhg e| Ghyhuhx{ dqg Hqjho
+4<<;,/ SWP phdqv wkdw krph dqg iruhljq frqvxphuv idfh glhuhqw uho0
dwlyh sulfhv dqg vr ulvn0vkdulqj grhv qrw lpso| htxdol}dwlrq ri krph dqg
iruhljq frqvxpswlrq1 Wr looxvwudwh wklv srlqw/ Edffkhwwd dqg ydq Zlq0
frrs +4<<;, vkrz wkdw wkh h{lvwhqfh ri d iruzdug fxuuhqf| pdunhw fdqqrw
holplqdwh wkh uhdo hhfwv iurp xqfhuwdlqw|1 Dowkrxjk iruzdug khgjlqj
69jxdudqwhhv wkh grphvwlf fxuuhqf| ydoxh ri d jlyhq dprxqw ri iruhljq fxu0
uhqf| uhyhqxhv/ lw fdqqrw xqgr wkh lpsdfw ri xqfhuwdlqw| derxw wkh ohyho
ri dq| vxfk iruhljq fxuuhqf| uhyhqxhv1
Ilqdoo|/ Edffkhwwd dqg ydq Zlqfrrs +4<<;, dovr dqdo|}h wkh
lpsdfw ri prqhwdu| xqfhuwdlqw| rq qhw fdslwdo  rzv1 Wkh vrxufh ri qhw
fdslwdo  rzv lv d vkrfn wr wkh grphvwlf glvfrxqw udwh164 Xqfhuwdlqw| dqg
SWP phdqv wkdw iruhljq erqgv duh ulvnlhu wkdq grphvwlf erqgv +djdlq
dvvxplqj wkh udwh ri uhodwlyh ulvn dyhuvlrq lv juhdwhu wkdq rqh,/ ohdglqj wr
d fxuuhqf| ulvn suhplxp/ d suhihuhqfh iru grphvwlf dvvhwv dqg d ghfolqh
lq qhw fdslwdo  rzv1
Vhfwlrq L[= Pdunhw Vwuxfwxuh
Prvw ri wkh olwhudwxuh dqdo|}hv d prqrsrolvwlf frpshwlwlrq vwuxf0
wxuh lq zklfk upv idfh d frqvwdqw hodvwlflw| ri ghpdqg dqg dffruglqjo|
vhw sulfhv dv d {hg pdunxs ryhu pdujlqdo frvw165 Wklv fhuwdlqo| vlp0
solhv wkh dqdo|vlv e| uxolqj rxw vwudwhjlf lqwhughshqghqfh dprqj upv1
Krzhyhu/ e| wkh vdph wrnhq/ wkh odfn ri vwudwhjlf lqwhughshqghqfh pdnhv
lw lpsrvvleoh wr dgguhvv srwhqwldoo| lpsruwdqw wudqvplvvlrq phfkdqlvpv/
vxfk dv wkh lpsdfw ri uhdo h{fkdqjh udwh pryhphqwv rq uhodwlyh pdunhw
vkduhv lq sduwlfxodu lqgxvwulhv1
Dv zdv glvfxvvhg hduolhu/ Ehujlq dqg Ihhqvwud +4<<;d/ 4<<;e,
pryh dzd| iurp prqrsrolvwlf frpshwlwlrq e| lqwurgxflqj wudqvorj frq0
64Dv wkh dxwkruv srlqw/ wklv vkrfn pxvw eh lpshuihfwo| yhuldeoh  rwkhuzlvh lw frxog
eh vlpso| dffrprgdwhg yld dq dssursuldwh lqwhuqdwlrqdo wudqvihu xqghu shuihfw ulvn0
vkdulqj1
65Dowhuqdwlyho|/ dv lq Fruvhwwl dqg Shvhqwl +4<<;,/ wkh jrrgv pdunhw fdq eh prghoohg
dv frpshwlwlyh exw zlwk d prqrsrolvwlf oderu pdunhw1
6:vxphu suhihuhqfhv1 Zlwk wklv xwlolw| vshflfdwlrq/ vwudwhjlf frqvlghudwlrqv
duh lqwurgxfhg lqwr sulfh vhwwlqj vlqfh d up pxvw wdnh lqwr dffrxqw wkh
sulflqj ghflvlrqv ri rwkhu upv lq ghwhuplqlqj lwv rswlpdo pdunxs1 Lq wklv
zd|/ wkh pdunxs sduwldoo| devruev wkh lpsdfw ri vkrfnv dqg h{fkdqjh udwh
sdvv0wkurxjk lv ohvv wkdq frpsohwh1
Fkdqj dqg Ghyhuhx{ +4<<;, h{whqg wkh Urwhpehuj0Zrrgirug
roljrsrolvwlf prgho wr dq rshq hfrqrp| vhwwlqj1 Lq wklv iudphzrun/ FHV
suhihuhqfhv duh uhwdlqhg iru glhuhqw fdwhjrulhv ri jrrgv +lqgxvwulhv,
exw dq roljrsro| ri upv rshudwhv zlwklq hdfk lqgxvwu|1 Dq htxloleulxp
lv vwxglhg lq zklfk upv zlwklq hdfk lqgxvwu| frooxgh dqg wkh pdunxs
wkdw vxvwdlqv frooxvlrq pryhv frxqwhuf|folfdoo| +ghpdqg lv pruh hodvwlf
dw kljkhu rxwsxw ohyhov,1 Wkh dxwkruv h{dplqh g|qdplf surshuwlhv ri uhdo
h{fkdqjh udwh ehkdylru lq wkh prgho1 Krzhyhu/ vlqfh wklv lv d  h{leoh0sulfh
prgho/ wkh lpsdfw ri prqhwdu| vkrfnv xqghu qrplqdo uljlglwlhv fdqqrw eh
vwxglhg1
Vrph rwkhu lqwhuhvwlqj pdunhw vwuxfwxuhv wkdw kljkoljkw vwudwhjlf
lqwhudfwlrq kdyh |hw wr eh surshuo| vwxglhg lq g|qdplf jhqhudo htxlole0
ulxp vhwwlqjv1 Ilwrxvvl dqg Skhosv +4<;;, dqg Skhosv +4<<7, frqvwuxfwhg
uhgxfhg0irup prghov lq zklfk d up fdq zlq d shuvlvwhqw lqfuhdvh lq lwv
pdunhw vkduh e| whpsrudulo| uhgxflqj lwv uhodwlyh sulfh1 Wklv dowhuv wkh
lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvp= uhdo ghsuhfldwlrq doorzv grphvwlf
upv wr udlvh wkhlu ryhudoo pdunhw vkduh1 Gl{rq +4<<7, dovr frqvlghuv d
iudphzrun lq zklfk krph dqg iruhljq upv gluhfwo| lqwhudfw1 Kh vshfl0
hv d vwdwlf prgho lq zklfk wkhuh duh lqgxvwulhv wkdw vhoo h{foxvlyho| wr wkh
grphvwlf pdunhw1 Wkhuh lv d gxrsro| lq hdfk lqgxvwu|/ zlwk krph dqg iru0
6;hljq upv hqjdjhg lq Frxuqrw frpshwlwlrq1 Krph dqg iruhljq zdjhv duh
vwlfn| lq wkhlu uhvshfwlyh fxuuhqflhv1 Lq wklv vhwxs/ d grphvwlf ghydoxdwlrq
uhgxfhv wkh frvwv ri grphvwlf upv uhodwlyh wr iruhljq ulydov/ lpsurylqj
wkhlu frpshwlwlyhqhvv dqg ohdglqj wr d jdlq lq wkhlu pdunhw vkduh1 Wklv
edwwoh iru pdunhw vkduh surylghv dq dgglwlrqdo dgmxvwphqw pdujlq wkdw lv
devhqw lq wkh prqrsrolvwlf frpshwlwlrq iudphzrun1 Lw zrxog eh lqwhuhvw0
lqj wr lqfrusrudwh vxfk vwudwhjlf lqwhudfwlrq ehwzhhq krph dqg iruhljq
upv lq wkh g|qdplf prghov hpskdvl}hg lq wklv vxuyh|1
Vhfwlrq [= Wkh Vpdoo Rshq Hfrqrp| Prgho
Wkh olwhudwxuh kdv odujho| hpskdvl}hg wzr0frxqwu| joredo hfrq0
rp| prghov1 Dq dgydqwdjh ri wklv dssurdfk lv wkdw lw kljkoljkwv lqwhu0
qdwlrqdo wudqvplvvlrq fkdqqhov dqg doorzv lqwhuhvw udwhv dqg dvvhw sulfhv
wr eh hqgrjhqrxvo| ghwhuplqhg lq lqwhuqdwlrqdo fdslwdo pdunhwv1 Pruh0
ryhu/ dv lv glvfxvvhg lq vhfwlrq :/ d joredo dssurdfk shuplwv wkh dqdo|vlv
ri lqwhuqdwlrqdo srolf| lqwhughshqghqfh1 Krzhyhu/ wkhvh ehqhwv frph dw
wkh sulfh ri frqvlghudeoh prgho frpsoh{lw| dqg pd| qrw eh ri frpshoolqj
lpsruwdqfh iru wkh dqdo|vlv ri vpdoo rshq hfrqrplhv1
Lqghhg/ lq wkh dsshqgl{ wr wkh Uhgx{ sdshu/ Revwihog dqg Ur0
jr vnhwfk d vpdoo rshq hfrqrp| yhuvlrq ri wkhlu prgho1 Prqrsrolvwlf
frpshwlwlrq dqg sulfh vwlfnlqhvv h{lvw lq wkh qrqwudghg vhfwru exw wudghg
rxwsxw lv prghoohg dv dq hqgrzphqw zlwk wkh grphvwlf fxuuhqf| sulfh
htxdo wr wkh h{rjhqrxv zruog sulfh wlphv wkh h{fkdqjh udwh1 Wkh vxex0
wlolw| ixqfwlrq iru frqvxpswlrq vshflhv wkdw suhihuhqfhv iru wudghg dqg
6<qrqwudghg jrrg duh orj vhsdudeoh
LEWc Q'k*L}EWnE  k*L}EQ +45,
zkhuh k lv wkh {hg vkduh ri wudgdeohv lq wrwdo frqvxpswlrq/ W lv frq0
vxpswlrq ri wkh vlqjoh wudgdeoh jrrg dqg Q lv d frpsrvlwh ri wkh gli0
ihuhqwldwhg ydulhwlhv ri wkh qrqwudghg jrrg1 Wkh hfrqrp| kdv dffhvv wr
wkh lqwhuqdwlrqdo fdslwdo pdunhw/ zklfk d rhuv ulvnohvv uhdo erqg ghqrp0
lqdwhg lq xqlwv ri wkh wudgdeoh jrrg1 Wkh glvfrxqw udwh lv dvvxphg wr eh
htxdo wr wkh zruog lqwhuhvw udwh1
Xqolnh wkh Uhgx{ prgho/ d shupdqhqw prqhwdu| vkrfn grhv qrw
jhqhudwh d fxuuhqw dffrxqw lpedodqfh lq wklv vhwxs1 Vlqfh wudghg rxwsxw lv
w d n h qw re h { h g /f x u u h q wd f f r x q we h k d y l r ul vg h w h u p l q h ge |w k hw l p hs d w k
iru wudgdeohv frqvxpswlrq1 Orj0vhsdudeoh suhihuhqfhv dqg d glvfrxqw udwh
htxdo wr wkh zruog lqwhuhvw udwh lpsolhv wkdw wkh rswlpdo sdwk iru wudgdeohv
frqvxpswlrq lv shuihfwo|  dw/ vr wkdw wkh fxuuhqw dffrxqw dozd|v uhpdlqv
lq edodqfh1
Krzhyhu/ h{fkdqjh udwh ryhuvkrrwlqj lv srvvleoh lq wklv hqylurq0
phqw1 Vlqfh d prqhwdu| vkrfn grhv qrw jhqhudwh dq| fxuuhqw dffrxqw
lpedodqfh/ prqh| lv qhxwudo lq wkh orqj0uxq dqg wkh qrplqdo h{fkdqjh
ulvhv lq sursruwlrq wr wkh prqh| vkrfn lq wkh qhz vwhdg|0vwdwh1 Li wkh
qrplqdo h{fkdqjh udwh zhuh wr ulvh lq sursruwlrq wr wkh prqh| vkrfn lq
wkh vkruw0uxq/ wkh vxsso| ri uhdo edodqfhv zrxog lqfuhdvh e| rqo|   k
wkdw dprxqw vlqfh wkh sulfh ri wudgdeohv +wkh h{fkdqjh udwh, kdv rqo| wkh
zhljkw k lq wkh ryhudoo sulfh ohyho dqg wkh sulfh ri qrqwudgdeohv lv {hg1 Lq
wkdw fdvh/ wkh ghpdqg iru uhdo edodqfhv zrxog ulvh e| wkh lqfuhdvh lq dj0
73juhjdwh frqvxpswlrq wlphv wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg1
Djjuhjdwh frqvxpswlrq ulvhv e|   k wlphv wkh lqfuhdvh lq qrqwudgdeohv
frqvxpswlrq +wudgdeohv frqvxpswlrq lv {hg,1 Vr wkh ulvh lq wkh ghpdqg
iru uhdo edodqfhv rqo| pdwfkhv wkh lqfuhdvh lq vxsso| li wkh frqvxps0
wlrq hodvwlflw| ri prqh| ghpdqg lv xqlw|1 Li wkh frqvxpswlrq hodvwlflw|
ri prqh| ghpdqg lv ohvv wkdq rqh/ wkhq prqhwdu| htxloleulxp uhtxluhv d
ghfolqh lq wkh vkruw0uxq qrplqdo lqwhuhvw udwh dqg khqfh ryhuvkrrwlqj ri
wkh qrplqdo h{fkdqjh udwh1 Lq idfw/ wklv lv suhflvho| wkh vdph ryhuvkrrwlqj
frqglwlrq dv lq wkh ruljlqdo Gruqexvfk +4<:9, prgho/ vlqfh wkh hodvwlflw|
ri +qrqwudghg, rxwsxw zlwk uhvshfw wr wkh uhdo h{fkdqjh udwh lv vhw htxdo
wr xqlw| lq wklv vhwxs1
Odqh +4<<:, dssolhv wklv prgho wr dqdo|}h glvfuhwlrqdu| prqh0
wdu| srolf| dqg wkh lpsdfw ri rshqqhvv rq wkh htxloleulxp lq dwlrq udwh1
D pruh rshq hfrqrp| lv rqh zlwk d vpdoohu qrqwudghg vhfwru +d odujhu
k lq htxdwlrq ^45`, dqg wkhuhe| jdlqv ohvv iurp vxusulvh lq dwlrq vlqfh
wkh rxwsxw jdlq/ zklfk lv h{foxvlyho| rewdlqhg lq wkh qrqwudghg vhfwru/
iurp d prqhwdu| h{sdqvlrq lv glplqlvkhg1 Iroorzlqj Eduur dqg Jrugrq
+4<;6,/ wkh htxloleulxp lq dlwrq udwh xqghu glvfuhwlrqdu| prqhwdu| srolf|
lv dq lqfuhdvlqj ixqfwlrq ri wkh jdlqv wr xqh{shfwhg lq dwlrq= dv vxfk/ wkh
suhglfwlrq lv wkdw pruh rshq hfrqrplhv kdyh orzhu htxloleulxp lq dwlrq
udwhv1 Wklv lqyhuvh uhodwlrqvkls ehwzhhq rshqqhvv dqg lq dwlrq krogv hyhq
iru vpdoo hfrqrplhv wkdw idfh h{rjhqrxv zruog sulfhv iru wudgdeohv dqg vr
lv lqghshqghqw ri wkh whupv ri wudgh phfkdqlvp hpskdvl}hg e| Urjr
+4<;8, dqg Urphu +4<<6,1
Odqh +4<<;, frqvlghuv dq dowhuqdwlyh vshflfdwlrq lq zklfk wkh

























Xqghu wklv vshflfdwlrq/ d prqhwdu| vkrfn pd| jhqhudwh d fxuuhqw df0
frxqw lpedodqfh1 Wkh qrqvhsdudelolw| ehwzhhq wudgdeoh dqg qrqwudgdeoh
frqvxpswlrq phdqv wkdw vkrfnv wr wkh qrqwudghg vhfwru kdyh vslooryhu
hhfwv rq wkh ohyho ri wudgdeohv frqvxpswlrq dqg khqfh rq wkh fxuuhqw
dffrxqw166 Wkh vljq ri wkh fxuuhqw dffrxqw uhvsrqvh ghshqgv rq wkh lq0
whusod| ehwzhhq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq j dqg wkh
lqwudwhpsrudo hodvwlflw| ri vxevwlwxwlrq w1 Wkh iruphu jxlghv wkh zloolqj0
qhvv wr vxevwlwxwh frqvxpswlrq dfurvv shulrgv dqg wkh odwwhu wkh ghjuhh
ri vxevwlwxwdelolw| ehwzhhq wudghg dqg qrqwudghg frqvxpswlrq1 Li j	w /
wkh odwwhu hhfw grplqdwhv= wkh ulvh lq qrqwudghg rxwsxw dqg frqvxps0
wlrq ohdgv wr d ghfolqh lq wudghg frqvxpswlrq dqg d srvlwlyh prqhwdu|
vkrfn wkhuhe| jhqhudwhv d fxuuhqw dffrxqw vxusoxv1 Lq frqwudvw/ d fxuuhqw
dffrxqw ghflw rffxuv li j:w 1 Ilqdoo|/ wkh fxuuhqw dffrxqw uhpdlqv lq
edodqfh rqo| li j ' w167 Lq wklv zd|/ wkh prgho looxvwudwhv wkdw wudgl0
wlrqdo Pxqghoo0Iohplqj uhvxowv duh vhqvlwlyh wr wkh suhflvh vshflfdwlrq
ri d prgho*v plfurirxqgdwlrqv1 Lq wklv sduwlfxodu fdvh/ suhihuhqfhv pxvw
66Vhh dovr Revwihog dqg Urjr +4<<9/ Fkdswhu 7,1
67Wkh orj0vhsdudeoh suhihuhqfhv dqdo|}hg deryh duh dq h{dpsoh lq zklfk j ' w ' 1
75eh vxfk wkdw wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq h{fhhgv wkh lq0
wudwhpsrudo hodvwlflw| ri vxevwlwxwlrq li d srvlwlyh prqhwdu| vkrfn lv wr
jhqhudwh d fxuuhqw dffrxqw vxusoxv168
Dq dowhuqdwlyh prghoolqj dssurdfk lv surylghg e| Nroopdqq +4<<:,1
Kh frqvlghuv d vhpl0vpdoo rshq hfrqrp| zklfk surgxfhv dqg frqvxphv
rqo| wudgdeoh jrrgv1 Lw idfhv d grzqzdug0vorslqj djjuhjdwh h{sruw gh0
pdqg ixqfwlrq exw lpsruw sulfhv/ wkh ohyho ri joredo djjuhjdwh ghpdqg
dqg wkh lqwhuqdwlrqdo lqwhuhvw udwh duh doo h{rjhqrxv wr grphvwlf frqgl0
wlrqv1 Wkhuh duh Free0Grxjodv suhihuhqfhv ehwzhhq krph dqg iruhljq
jrrgv1 Dv lq wkh SWP prghov uhylhzhg deryh/ h{sruw sulfhv duh dvvxphg
wr eh vwlfn| lq iruhljq fxuuhqf|1
Vhfwlrq [L= Hpslulfv
Wkxv idu/ wkh olwhudwxuh kdv ehhq sulpdulo| wkhruhwlfdo lq irfxv1
Wkdw vdlg/ vrph dxwkruv kdyh dwwhpswhg wr jdlq d vhqvh ri wkh txdqwlwd0
wlyh lpsruwdqfh ri vrph ri wkh phfkdqlvpv hpskdvl}hg lq wkh wkhruhwlfdo
prghov/ hlwkhu yld fdoleudwlrq h{huflvhv ru hfrqrphwulf lqyhvwljdwlrq1
68Yhodvfr +4<<:, frqvlghuv d qrq0prqhwdu|  h{leoh0sulfh yhuvlrq ri d vpdoo rshq hfrq0
rp| prgho1 Kh doorzv iru wkh hqwu| ri upv lqwr wkh qrqwudghg vhfwru xsrq wkh sd|phqw
ri d {hg frvw1 Qhz upv surgxfh h{wud ydulhwlhv ri wkh qrqwudghg jrrg1 Hqwu| phdqv
wkdw wkh rxwsxw ri dq| lqglylgxdo up lq wkh qrqwudghg vhfwru lv {hg= dq| yduldwlrq lq
wrwdo qrqwudghg rxwsxw pxvw frph iurp yduldwlrq lq wkh qxpehu ri upv1 Suhihuhqfhv
duh qrqvhsdudeoh lq frqvxpswlrq dqg ohlvxuh vxfk wkdw wkh pdujlqdo xwlolw| ri frqvxps0
wlrq lv lqfuhdvlqj lq zrun hruw1 Yhodvfr vkrzv wkdw wklv vhwxs fdq jhqhudwh pxowlsoh
htxloleuld1 Zlwk wkh glvfrxqw udwh htxdo wr wkh lqwhuhvw udwh dqg d frqvwdqw hqgrzphqw
ri wkh wudghg jrrg/ rqh htxloleulxp lqyroyhv frqvwdqw ydoxhv iru doo yduldeohv1 Xqghu
vrph sdudphwhu uhvwulfwlrqv/ dq dowhuqdwlyh htxloleulxp h{lvwv lq zklfk frqvxpswlrq dqg
rxwsxw ri qrqwudghg jrrgv/ dqg frqvxpswlrq ri wudghg jrrgv/ rvfloodwh ehwzhhq kljk dqg
orz ohyhov> wkh uhdo zdjh dqg uhdo h{fkdqjh udwh duh surf|folfdo dqg wkh fxuuhqw dffrxqw
frxqwhuf|folfdo1
76D = Pdwfklqj Xqfrqglwlrqdo Prphqwv
Rqh fdoleudwlrq phwkrg lv wr pdwfk wkh xqfrqglwlrqdo prphqwv
jhqhudwhg e| wkh prgho wr wkh xqfrqglwlrqdo prphqwv revhuyhg lq wkh
gdwd1 Lq wklv dssurdfk/ wkh jrdo lv wr hvwdeolvk zkdw sursruwlrq ri djjuh0
jdwh  xfwxdwlrqv fdq eh h{sodlqhg e| d vlqjoh vrxufh ri vkrfnv1 Fkdul hw
do1 +4<<;, dqg Nroopdqq +4<<:/ 4<<;, kdyh iroorzhg wklv dssurdfk1 Pxfk
fdq eh ohduqhg iurp wkhvh h{huflvhv lq whupv ri wkh txdqwlwdwlyh surshu0
wlhv ri vwlfn|0sulfh g|qdplf jhqhudo htxloleulxp prghov1 Krzhyhu/ hyhq
li prqhwdu| vkrfnv rqo| dffrxqw iru d iudfwlrq ri wkh djjuhjdwh hfrqrplf
 xfwxdwlrqv ryhu d jlyhq wlph lqwhuydo/ wklv lv qrw lqfrqvlvwhqw zlwk wkh
h{lvwhqfh ri qrplqdo uljlglwlhv ru dq lpsruwdqw uroh iru prqhwdu| srolf| lq
uhvsrqglqj wr rwkhu glvwxuedqfhv1 Pruhryhu/ lw lv zlgho| dffhswhg wkdw wkh
xqfrqglwlrqdo yduldqfhv ri qrplqdo dqg uhdo h{fkdqjh udwhv duh lqihfwhg
e| frqvlghudeoh pdunhw qrlvh wkdw lv xquhodwhg wr pdfurhfrqrplf ixqgd0
phqwdov169 Iru wkhvh uhdvrqv/ wklv fdoleudwlrq phwkrg lv qrw vx!flhqw lq
rewdlqlqj dq ryhudoo hpslulfdo hydoxdwlrq ri wklv fodvv ri prghov1
E = YDU Hylghqfh
Dq dowhuqdwlyh lv wr hydoxdwh prghov rq wkhlu shuirupdqfh lq
ghvfulelqj krz wkh hfrqrp| uhvsrqgv wr d pdfurhfrqrplf vkrfn1 Iru
wklv sxusrvh/ xvhixo hpslulfdo hylghqfh lv surylghg e| wkh wkh lpsxovh0
uhvsrqvh ixqfwlrqv jhqhudwhg e| YDU hfrqrphwulf prghov1 Lq lq xhqwldo
frqwulexwlrqv/ Fodulgd dqg Jdol +4<<7, dqg Hlfkhqedxp dqg Hydqv +4<<8,
69Vhh Iorrg dqg Urvh +4<<8/ 4<<;,1
77hpsor|hg YDUv wr vkrz wkdw prqhwdu| vkrfnv gr pryh wkh uhdo h{fkdqjh
udwh lq d pdqqhu wkdw lv txdolwdwlyho| frqvlvwhqw zlwk wkh suhglfwlrqv ri
vwlfn|0sulfh prghov1 Ehwwv dqg Ghyhuhx{ +4<<:, xsgdwh wkh Hlfkhqedxp0
Hydqv YDU prgho dqg h{whqg lw wr lqfoxgh wkh wudgh edodqfh lq wkh v|v0
whp1 Wkh| vkrz wkdw d fdoleudwhg SWP prgho grhv zhoo lq pdwfklqj wkh
frqglwlrqdo prphqwv lq wkh gdwd dqg fohduo| rxwshuirupv wkh SSS0edvhg
Uhgx{ prgho zklfk fdqqrw jhqhudwh uhdo h{fkdqjh udwh pryhphqwv ru kljk
lqwhuqdwlrqdo rxwsxw fruuhodwlrqv uhodwlyh wr frqvxpswlrq fruuhodwlrqv16:
D qxpehu ri uhfhqw sdshuv kdyh dwwhpswhg wr hvwdeolvk zkhwkhu
prqhwdu| glvwxuedqfhv lqghhg dhfw wkh fxuuhqw dffrxqw/ lq olqh zlwk wkh
txdolwdwlyh suhglfwlrqv ri vrph ri wkh vwlfn|0sulfh lqwhuwhpsrudo prghov1
Odqh +4<<;, hvwlpdwhv d YDU prgho xvlqj wkh lghqwlfdwlrq dvvxpswlrq lv
wkdw prqhwdu| vkrfnv kdyh qr orqj0uxq hhfw rq wkh fxuuhqw dffrxqw/ frq0
vlvwhqw zlwk wkh wkhruhwlfdo prghov ghvfulehg lq hduolhu vhfwlrqv1 Nxpdu
dqg Sudvdg +4<<:, dqg Ohh dqg Fklqq +4<<;, udwkhu dgrsw wkh lghqwl0
fdwlrq uhvwulfwlrq wkdw prqhwdu| vkrfnv kdyh qr orqj0uxq lpsdfw rq wkh
uhdo h{fkdqjh udwh/ d frqglwlrq wkdw krogv rqo| lq d vxevhw ri wkh prghov
uhylhzhg deryh1 Odqh +4<<;, dqg Ehwwv dqg Ghyhuhx{ +4<<;, dovr frq0
vlghu d vkruw0uxq uhfxuvlyh lghqwlfdwlrq vfkhph/ h{whqglqj wkh v|vwhp ri
Hlfkhqedxp dqg Hydqv +4<<8, wr lqfoxgh d wudgh edodqfh phdvxuh1 Lq
eurdg whupv/ hdfk ri wkhvh sdshuv qg wkdw srvlwlyh qrplqdo vkrfnv whqg
wr lpsuryh wkh fxuuhqw dffrxqw srvlwlrq16;
6:Ehwwv dqg Ghyhuhx{ +4<<;, surylgh dgglwlrqdo YDU hylghqfh1
6;Odqh +4<<;, dqg Ehwwv dqg Ghyhuhx{ +4<<;, qg d M0fxuyh uhvsrqvh ri wkh wudgh
edodqfh wr prqhwdu| vkrfnv/ vxfk wkh lpsdfw hhfw lv qhjdwlyh/ zlwk wkh lpsuryhphqw
rqo| rffxuulqj zlwk d odj1 Ehwwv dqg Ghyhuhx{ surylgh d qrq0wudglwlrqdo h{sodqdwlrq
iru wkh M0fxuyh1 Wkh SWP dvvxpswlrq phdqv wkdw krph dqg iruhljq frqvxpswlrq duh
78Vr idu/ wkh hpskdvlv kdv ehhq sodfhg rq fdswxulqj lq wkh gdwd wkh
uhdo hhfwv ri prqhwdu| vkrfnv1 Krzhyhu/ dv hpskdvl}hg e| Jdol +4<<;,
dqg Edvx hw do +4<<;,/ qrplqdo uljlglwlhv dovr lq xhqfh wkh wudqvplvvlrq
ri uhdo vkrfnv/ vxfk dv vfdo ru whfkqrorj| glvwxuedqfhv1 Iru lqvwdqfh/ lq
d forvhg0hfrqrp| vhwwlqj/ Edvx hw do +4<<;, vkrz krz srvlwlyh whfkqrorj|
vkrfnv fdq kdyh d qhjdwlyh lpsdfw hhfw rq wkh ohyho ri rxwsxw lq wkh
suhvhqfh ri qrplqdo uljlglwlhv dqg wkdw vxfk d prgho wv wkh gdwd ehwwhu
wkdq  h{leoh0sulfh dowhuqdwlyhv1 Lw zrxog eh lqwhuhvwlqj wr h{whqg wklv zrun
wr wkh rshq hfrqrp| dqg lqyhvwljdwh/ lq vwlfn|0sulfh vhwwlqjv/ wkh lpsdfw
ri qrq0prqhwdu| vkrfnv rq wkh uhdo h{fkdqjh udwh/ wkh fxuuhqw dffrxqw
dqg wkh lqwhuqdwlrqdo wudqvplvvlrq ri wkhvh glvwxuedqfhv1
F = Rwkhu Hylghqfh
Pruh lqgluhfw suhglfwlrqv ri wkh wkhruhwlfdo olwhudwxuh kdyh dovr
ehhq hpslulfdoo| lqyhvwljdwhg1 Lq d vwdwlf prqrsrolvwlf frpshwlwlrq prgho/
Urphu +4<<6, vkrzhg wkdw d pruh rshq frxqwu| jdlqv ohvv iurp rxwsxw0
hqkdqflqj vxusulvh lq dwlrq/ vlqfh lw lv kxuw pruh e| wkh qhjdwlyh whupv
ri wudgh hhfw ri d ulvh lq rxwsxw1 Hpslulfdoo|/ lq d odujh furvv0vhfwlrq
ri frxqwulhv/ Urphu irxqg wkdw pruh rshq hfrqrplhv lqghhg kdg orzhu
dyhudjh lq dwlrq udwhv ryhu 4<:60;;1 Krzhyhu wklv h{sodqdwlrq uholhv rq
dq hqgrjhqrxv whupv ri wudgh phfkdqlvp zklfk lv dujxdeo| xqlpsruwdqw
iru vpdoo frxqwulhv1 Dv zdv glvfxvvhg lq Vhfwlrq 43 deryh/ wkh wkhruhwl0
gholqnhg lq wkh vkruw0uxq1 Wkh prqhwdu| h{sdqvlrq vwlpxodwhv grphvwlf rxwsxw exw
grphvwlf frqvxpswlrq ulvhv hyhq pruh txlfno|/ jhqhudwlqj d wudgh ghflw1 Dq lqyhvwphqw
errp dovr rffxuv zklfk udlvhv wkh phglxp0uxq ohyho ri rxwsxw1 Krzhyhu/ SSS lv uhvwruhg
lq wkh phglxp0uxq vr wkdw wkh grphvwlf rxwsxw lqfuhdvh lv vkduhg e| krph dqg iruhljq
frqvxphuv/ uhtxlulqj d wudgh edodqfh vxusoxv1
79fdo prgho ri Odqh +4<<:, vkrzv wkdw lq dwlrq dqg rshqqhvv duh lqyhuvho|
uhodwhg hyhq iru frxqwulhv wkdw idfh h{rjhqrxv whupv ri wudgh1 Lq klv hpslu0
lfdo zrun/ Odqh uhylvlwv wkh Urphu vshflfdwlrq dqg vkrzv wkdw frqwuroolqj
iru frxqwu| vl}h pdjqlhv wkh qhjdwlyh uhodwlrqvkls ehwzhhq rshqqhvv dqg
lq dwlrq1 Pruhryhu/ kroglqj {hg rshqqhvv/ odujhu frxqwulhv kdyh orzhu
lq dwlrq udwhv zklfk lv frqvlvwhqw zlwk wkh rshudwlrq ri wkh whupv ri wudgh
fkdqqho16<
Kdx +4<<;e, lpsohphqwv dq hpslulfdo whvw ri wkh suhglfwlrq lq
Kdx +4<<;d, wkdw d prqhwdu| vkrfn kdv d eljjhu lpsdfw rq wkh uhdo h{0
fkdqjh udwh/ wkh odujhu lv wkh uhodwlyh vl}h ri wkh qrqwudghg vhfwru1 Kdx
qgv wkdw uhdo h{fkdqjh udwh yrodwlolw| dqg rshqqhvv duh lqghhg lqyhuvho|
fruuhodwhg lq d odujh furvv0vhfwlrq ri frxqwulhv/ hyhq zkhq rshqqhvv lv
wuhdwhg dv hqgrjhqrxv dqg wkhuh duh frqwurov iru fhqwudo edqn lqghshq0
ghqfh dqg wkh w|sh ri h{fkdqjh udwh uhjlph1
Revwihog dqg Urjr +4<<8e/ 4<<9, dqg Jdjqrq +4<<9, suhvhqw
hylghqfh ri d vljqlfdqw uhodwlrqvkls ehwzhhq qhw iruhljq dvvhwv dqg wkh
uhdo h{fkdqjh udwh dprqj RHFG hfrqrplhv1 Wklv hpslulfdo qglqj sur0
ylghv lqgluhfw vxssruw iru wkh qrwlrq wkdw hyhq whpsrudu| glvwxuedqfhv
fdq kdyh shuvlvwhqw hhfwv/ vlqfh fxuuhqw dffrxqw lpedodqfhv dowhu qhw iru0
hljq dvvhwv dqg khqfh fdq kdyh orqj0odvwlqj uhdo hhfwv1 Ilqdoo|/ xvlqj
Hxurshdq Xqlrq gdwd/ Fdvhool +4<<;, vkrzv wkdw wkh glhuhqwldo lq sulydwh
frqvxpswlrq jurzwk udwhv dfurvv frxqwulhv lv lqyhuvho| uhodwhg wr wkh gli0
6<Fdpsloor dqg Plurq +4<<:, vkrz wkdw wkh rshqqhvv0lq dwlrq uhodwlrqvkls lv urexvw
wr dq h{whqvlrq ri wkh gdwd vhw dqg wkh lqfoxvlrq ri d krvw ri h{wud frqwuro yduldeohv1
Odqh +4<<</ iruwkfrplqj, h{whqgv wkh hpslulfdo dqdo|vlv wr vkrz wkdw/ frqvlvwhqw zlwk
wkh wkhru|/ pruh rshq hfrqrplhv kdyh vorzhu dyhudjh udwhv ri qrplqdo h{fkdqjh udwh
ghsuhfldwlrq1
7:ihuhqwldo lq sxeolf +jryhuqphqw, frqvxpswlrq jurzwk udwhv/ lq olqh zlwk
wkh vfdo suhglfwlrqv ri plfurirxqghg Uhgx{0vw|oh prghov1
G = Sdudphwhu Hvwlpdwlrq
Ilqdoo|/ dv wkh glvfxvvlrq lq hduolhu vhfwlrqv kdv pdgh fohdu/ pdq|
suhglfwlrqv ri wkh wkhruhwlfdo prghov duh kljko| vhqvlwlyh wr wkh fkrlfh ri
sdudphwhu ydoxhv1 Iru wklv uhdvrq/ lw lv kljko| ghvludeoh wr rewdlq pruh
hpslulfdo hylghqfh rq zklfk ydoxhv duh sodxvleoh iru vxfk nh| sdudphwhuv dv
wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ wkh hodvwlflwlhv ri vxevwlwxwlrq
ehwzhhq krph dqg iruhljq jrrgv dqg ehwzhhq wudgdeohv dqg qrqwudgdeohv/
wr qdph mxvw d ihz1 Vxpphuv +4<<4, lv vfhswlfdo wkdw vxfk sdudphwhuv fdq
eh hvwlpdwhg zlwk dq| suhflvlrq1
Vhfwlrq [LL= Frqfoxvlrqv
Wklv sdshu kdv uhsruwhg rq d qhz olwhudwxuh wkdw lv dwwhpswlqj
wr uhvkdsh krz lqwhuqdwlrqdo pdfurfrqrplfv lv grqh1 Dowkrxjk wkh lp0
sdfw hhfwv ri vkrfnv rq uhdo yduldeohv lq pdq| fdvhv duh odujho| vlplodu
wr wkrvh suhglfwhg e| wudglwlrqdo uhgxfhg0iurp prghov/ wkh lqwhuwhpsrudo
qdwxuh ri wkh uhfhqw prghov dovr doorz wkh wudfnlqj ri g|qdplf hhfwv1
Pruh lpsruwdqwo|/ wkh vrolg plfurirxqgdwlrqv hpehgghg lq wkhvh prghov
shuplwv zhoiduh dqdo|vlv/ zklfk fdq jhqhudwh vrph vxusulvlqj uhvxowv1 Lq
wxuq/ zhoiduh dqdo|vlv rshqv wkh grru wr uljrurxv srolf| hydoxdwlrq/ sur0
ylglqj qhz irxqgdwlrqv iru wkh dqdo|vlv ri lqwhuqdwlrqdo srolf| lqwhughshq0
ghqfh1 Lq uhodwhg idvklrq/ wkh vwrfkdvwlf yhuvlrqv ri wkhvh qhz prghov duh
zhoo0ghvljqhg iru pdnlqj phdqlqjixo frpsdulvrqv dfurvv glhuhqw srolf|
7;uhjlphv1
Dv lv uhdglo| dssduhqw iurp wklv vxuyh|/ pdq| zhoiduh uhvxowv
duh kljko| vhqvlwlyh wr wkh suhflvh ghqrplqdwlrq ri sulfh vwlfnlqhvv/ wkh
vshflfdwlrq ri suhihuhqfhv dqg qdqfldo vwuxfwxuh1 Iru wklv uhdvrq/ dq|
srolf| uhfrpphqgdwlrqv hpdqdwlqj iurp wklv olwhudwxuh pxvw eh kljko|
txdolhg1 Wklv lv dq lvvxh ri vrph frqfhuq/ vlqfh wkh qhz rshq hfrqrp|
pdfurhfrqrplfv zloo eh ri rqo| olplwhg lqwhuhvw lq srolf| flufohv xqohvv
uhvhdufkhuv frqyhujh rq d suhihuuhg vshflfdwlrq wkdw lv exwwuhvvhg e|
h{whqvlyh vxssruwlqj hpslulfdo hylghqfh1 Iru doo wkdw/ wkh pdq| xqdq0
vzhuhg txhvwlrqv wkdw uhpdlq vkrxog hqvxuh wkdw wklv exujhrqlqj hog lv
olnho| wr jurz |hw ixuwkhu lq wkh frplqj |hduv1
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l qdP r g h or iS u l f l q jw rP d u n h w / Hxurshdq Hfrqrplf Uhylhz/7 3 /
433:043541
^44` Ehwwv/ Fdurolqh dqg Plfkdho Ghyhuhx{ +4<<:,/ Wkh Lqwhuqdwlrqdo
Prqhwdu| Wudqvplvvlrq Phfkdqlvp= D Prgho ri Uhdo H{fkdqjh Udwh
Dgmxvwphqw xqghu Sulflqj0wr0Pdunhw/ plphr/ Xqlyhuvlw| ri Eulwlvk
Froxpeld2Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Xqlyhuvlw| ri Vrxwk0
huq Fdoliruqld1
^45` Ehwwv/ Fdurolqh dqg Plfkdho Ghyhuhx{ +4<<;d,/ H{fkdqjh Udwh G|0
qdplfv lq d Prgho ri Sulflqj wr Pdunhw/ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv/ iruwkfrplqj1
83^46` Ehwwv/ Fdurolqh dqg Plfkdho Ghyhuhx{ +4<<;e,/ Wkh Lqwhuqdwlrqdo
Hhfwv ri Prqhwdu| dqg Ilvfdo Srolf| lq d Wzr0Frxqwu| Prgho/
plphr/ Xqlyhuvlw| ri Vrxwkhuq Fdoliruqld dqg Xqlyhuvlw| ri Eulwlvk
Froxpeld2Fklqhvh Xqlyhuvlw| ri Krqj Nrqj1
^47` Eodqfkdug/ Rolylhu +4<;6,/ Sulfh Dv|qfkurql}dwlrq dqg Sulfh Ohyho
Lqhuwld/ lq +Uxlgjhu Gruqexvfk/ Pljxho Vlprqvhq/ hgv1, Lq dwlrq/
Ghew dqg Vwdelol}dwlrq/ Fdpeulgjh/ PD= PLW Suhvv1
^48` Fdoyr/ Jxloohupr +4<;6,/ Vwdjjhuhg Sulfhv lq d Xwlolw| Pd{lpl}lqj
Iudphzrun/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45/ <;60<<;1
^49` Fdpsloor/ Pduwd dqg Mhuh| Plurq +4<<:,/ Zk| Grhv Lq dwlrq Gli0
ihu Dfurvv FrxqwulhvB/ lq +Fkulvwlqd G1 Urphu dqg Gdylg Urphu/
hgv1, Uhgxflqj Lq dwlrq= Prwlydwlrq dqg Vwudwhj|/ Fklfdjr/ LO= Xql0
yhuvlw| ri Fklfdjr Suhvv1
^4:` Fdvhool/ Sdrod +4<<;,/ Ilvfdo Frqvrolgdwlrqv xqghu Il{hg H{fkdqjh
Udwhv/ Whpl gl glvfxvvlrqh gho Vhuylvlr Vwxgl Qr1 669/ Edqfd g*Lwdold1
^4;` Fkdqj/ Urehuwr dqg Plfkdho Ghyhuhx{ +4<<;,/ G|qdplf Frooxvlrq
dqg wkh Uhdo H{fkdqjh Udwh/ zrun lq surjuhvv/ Xqlyhuvlw| ri Eulwlvk
Froxpeld2Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj| dqg Ihg0
hudo Uhvhuyh Edqn ri Dwodqwd1
^4<` Fkdul/ Y1Y1/ Sdw Nhkrh dqg Hoohq PfJudwwdq +4<<;d,/ Prqhwdu|
Vkrfnv dqg Uhdo H{fkdqjh Udwhv lq Vwlfn| Sulfh Prghov ri Lqwhu0
qdwlrqdo Exvlqhvv F|fohv/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Uh0
vhdufk Ghsduwphqw Vwd Uhsruw &556/ +lqlwldo yhuvlrq Iheuxdu| 4<<9/
uhylvhg Iheuxdu| 4<<;,1
84^53` Fkdul/ Y1Y1/ Sdw Nhkrh dqg Hoohq PfJudwwdq +4<<;e,/ Vwlfn| Sulfh
Prghov ri wkh Exvlqhvv F|foh= Fdq wkh Frqwudfw Pxowlsolhu Vroyh
wkh Shuvlvwhqfh SureohpB/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Uh0
vhdufk Ghsduwphqw Vwd Uhsruw &54:/ +lqlwldo yhuvlrq Vhswhpehu
4<<9/ uhylvhg Pd| 4<<;,1
^54` Fodulgd/ Ulfkdug dqg Mrugl Jdol/ Vrxufhv ri Uhdo H{fkdqjh Udwh
Ioxfwxdwlrqv= Krz Lpsruwdqw Duh Qrplqdo VkrfnvB/ Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 74/ 40891
^55` Frrshu/ Uxvv dqg Dqguhz Mrkq/ Frruglqdwlqj Frruglqdwlrq Idloxuhv
lq d Nh|qhvldq Hfrqrp|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/4 3 6 /7 7 4 0
7961
^56` Fruvhwwl/ Jldqfduor dqg Sdror Shvhqwl +4<<;,/ Zhoiduh dqg Pdfurhfr0
qrplf Lqwhughshqghqfh/ plphr/ \doh Xqlyhuvlw| dqg Sulqfhwrq Xql0
yhuvlw|1
^57` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl/ Qrxulho Urxelql dqg Fhgulf Wlooh
+4<<<,/ Wudgh dqg Frqwdjlrxv Ghydoxdwlrqv= D Zhoiduh0Edvhg Ds0
surdfk/ QEHU Zrunlqj Sdshu &9;;<1
^58` Ghyhuhx{/ Plfkdho +4<<:,/ Uhdo H{fkdqjh Udwhv dqg Pdfurhfr0
qrplfv= Hylghqfh dqg Wkhru|/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/6 3 /
::60;3;1
^59` Ghyhuhx{/ Plfkdho +4<<;,/ Gr Il{hg H{fkdqjh Udwhv Lq0
klelw Pdfurhfrqrplf DgmxvwphqwB/ plphr/ Xqlyhuvlw| ri Eulwlvk
Froxpeld2Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|1
85^5:` Ghyhuhx{/ Plfkdho dqg Fkduohv Hqjho +4<<;d,/ Il{hg yhuvxv
Iordwlqj H{fkdqjh Udwhv= Krz Sulfh Vhwwlqj Dhfwv wkh Rswlpdo
Fkrlfh ri H{fkdqjh0Udwh Uhjlph/ plphr/ Xqlyhuvlw| ri Eulwlvk
Froxpeld2Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj| dqg Xql0
yhuvlw| ri Zdvklqjwrq1
^5;` Ghyhuhx{/ Plfkdho dqg Fkduohv Hqjho +4<<;e,/ Wkh Fkrlfh ri
H{fkdqjh0Udwh Uhjlph= Sulfh0Vhwwlqj Uxohv dqg Lqwhuqdwlrqdol}hg
Surgxfwlrq/ plphr/ Xqlyhuvlw| ri Eulwlvk Froxpeld2Krqj Nrqj Xql0
yhuvlw| ri Vflhqfh dqg Whfkqrorj| dqg Xqlyhuvlw| ri Zdvklqjwrq1
^5<` Gl{rq/ Kxz +4<<7,/ Lpshuihfw Frpshwlwlrq dqg Rshq Hfrqrp|
Pdfurhfrqrplfv/ lq +Iuhghulfn ydq ghu Sorhj/ hg1, Wkh Kdqgerrn
ri Lqwhuqdwlrqdo Pdfurhfrqrplfv/ R{irug= Edvlo Eodfnzhoo1
^63` Gruqexvfk/ Uxgljhu +4<:9,/ H{shfwdwlrqv dqg H{fkdqjh Udwh G|0
qdplfv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;7/ 4494044::1
^64` Gr|oh/ Euldq P1 +4<<;,/ Uhsxwdwlrq dqg Fxuuhqf| Fulvhv +ru cFrxq0
wulhv ri d Ihdwkhu Ghydoxh Wrjhwkhu*,/ plphr/ Sulqfhwrq Xqlyhuvlw|1
^65` Hlfkhqedxp/ Pduwlq dqg Fkduohv Hydqv +4<<8,/ Vrph Hpslulfdo Hy0
lghqfh rq wkh Hhfwv ri Prqhwdu| Srolf| Vkrfnv rq Uhdo H{fkdqjh
Udwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/ <:80433<1
^66` Hqjho/ Fkduohv +4<<;,/ Dffrxqwlqj iru Uhdo H{fkdqjh Udwh
Fkdqjhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj1
^67` Ilwrxvvl/ Mhdq0Sdxo dqg Hgpxqg Skhosv +4<;;,/ Wkh Voxps lq Hx0
ursh/ R{irug= Edvlo Eodfnzhoo1
86^68` Iorrg/ Urehuw dqg Dqguhz Urvh +4<<8,/ Il{lqj H{fkdqjhv Udwhv=
D Yluwxdo Txhvw iru Ixqgdphqwdov/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/
69/ 606:1
^69` Iorrg/ Urehuw dqg Dqguhz Urvh +4<<;,/ Xqghuvwdqglqj H{fkdqjh
Udwh Yrodwlolw| Zlwkrxw wkh Frqwulydqfh ri Pdfurhfrqrplfv/ FHSU
Glvfxvvlrq Sdshu Qr1 4<771
^6:` Iulehuj/ Ulfkdug +4<<;,/ Lq Zklfk Fxuuhqf| Vkrxog H{sruwhuv Vhw
Wkhlu SulfhvB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 78/ 8<0:91
^6;` Jdjqrq/ Mrvhsk +4<<9,/ Qhw Iruhljq Dvvhwv dqg Htxloleulxp H{0
fkdqjh Udwhv= Sdqho Hylghqfh/ plphr/ Lqwhuqdwlrqdo Ilqdqfh Glyl0
vlrq/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1
^6<` Jdol/ Mrugl/ Whfkqrorj|/ Hpsor|phqw dqg wkh Exvlqhvv F|foh= Gr
Whfkqrorj| Vkrfnv H{sodlq Djjuhjdwh IoxfwxdwlrqvB/ Dphulfdq Hfr0
qrplf Uhylhz/ iruwkfrplqj1
^73` Jhqehuj/ Kdqv +4<;<,/ H{fkdqjh Udwh Pdqdjhphqw dqg Pdfurh0
frqrplf Srolf|= D Qdwlrqdo Shuvshfwlyh/ Vfdqglqdyldq Mrxuqdo ri
Hfrqrplfv/ <4/ 76<079<1
^74` Jrogehuj dqg Nqhwwhu +4<<9,/ Jrrgv Sulfhv dqg H{fkdqjh Udwhv=
Zkdw Kdyh Zh OhduqhgB/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 111 1
^75` Jrrgiulhqg/ Pduylq dqg Urehuw Nlqj +4<<:,/ Wkh Qhz Qhrfodvvlfdo
V|qwkhvlv dqg wkh Uroh ri Prqhwdu| Srolf|/ lq +Ehq Ehuqdqnh dqg
Mxolr Urwhpehuj/ hgv1, QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/F d p 0
eulgjh/ PD= PLW Suhvv1
87^76` Kdx/ Kdudog +4<<;d,/ H{fkdqjh Udwh Ghwhuplqdwlrq= Wkh Uroh ri
Idfwru Sulfh Uljlglwlhv dqg Qrqwudgdeohv/ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv/ iruwkfrplqj1
^77` Kdx/ Kdudog +4<<;e,/ Uhdo H{fkdqjh Yrodwlolw| dqg Hfrqrplf Rshq0
qhvv= Wkhru| dqg Hylghqfh/ plphr/ HVVHF1
^78` Khospdq/ Hokdqdq +4<;4,/ Dq H{sorudwlrq lq wkh Wkhru| ri
H{fkdqjh0Udwh Uhjlphv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43/ 59605;61
^79` Nlpedoo/ Plohv +4<<8,/ Wkh G|qdplf Lpsolfdwlrqv ri wkh Txdqwlwd0
wlyh QhrPrqhwdulvw Prgho/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/
5:/ 4574045::1
^7:` Nroopdq/ Urehuw +4<<:,/ Wkh H{fkdqjh Udwh lq d G|qdplf0
Rswlpl}lqj Fxuuhqw Dffrxqw Prgho zlwk Qrplqdo Uljlglwlhv= D
Txdqwlwdwlyh Lqyhvwljdwlrq/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Zrunlqj
Sdshu <:2:1
^7;` Nroopdq/ Urehuw +4<<;,/ Lqwhuqdwlrqdo Ilqdqfldo Pdunhwv dqg Exvl0
qhvv F|fohv= D Jhqhudo Htxloleulxp Dssurdfk zlwk Prqh| dqg Qrp0
lqdo Uljlglwlhv/ plphr/ Xqlyhuvlw| ri Sdulv [LL1
^7<` Nuxjpdq/ Sdxo +4<<8,/ Zkdw Gr Zh Qhhg wr Nqrz Derxw wkh Lq0
whuqdwlrqdo Prqhwdu| V|vwhpB/ lq +Shwhu Nhqhq/ hg1, Xqghuvwdqg0
lqj Lqwhughshqghqfh= Wkh Pdfurhfrqrplfv ri wkh Rshq Hfrqrp|/
Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv1
^83` Odqh/ Sklols U1 +4<<:,/ Lq dwlrq lq Rshq Hfrqrplhv/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 75/ 65:067:1
88^84` Odqh/ Sklols U1 +4<<;,/ Prqh| Vkrfnv dqg wkh Fxuuhqw Dffrxqw/
plphr/ Wulqlw| Froohjh Gxeolq1
^85` Odqh/ Sklols U1 +4<<<,/ Zkdw Ghwhuplqhv wkh Qrplqdo H{fkdqjh
UdwhB Vrph Furvv0Vhfwlrqdo Hylghqfh/ Fdqdgldq Mrxuqdo ri Hfr0
qrplfv/ Iheuxdu| 4<<</ iruwkfrplqj1
^86` Ohh/ Mdhzrr dqg Phq}lh Fklqq +4<<;,/ Wkh Fxuuhqw Dffrxqw dqg
wkh Uhdo H{fkdqjh Udwh= D Vwuxfwxudo YDU Dqdo|vlv ri Pdmru Fxu0
uhqflhv/ QEHU Zrunlqj Sdshu &97<81
^87` Orpedugr/ Jlrydqql +4<<;,/ Rq wkh Wudgh Edodqfh Uhvsrqvh wr
Prqhwdu| Vkrfnv= Wkh Pduvkdoo0Ohuqhu Frqglwlrqv Uhfrqvlghuhg/
plphr/ Xqlyhuvlw| ri \run1
^88` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr +4<<8d,/ H{fkdqjh Udwh G|0
qdplfv Uhgx{/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436/ 95709931
^89` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr +4<<8e,/ Wkh Lqwhuwhpsrudo
Dssurdfk wr wkh Fxuuhqw Dffrxqw/ lq +Jhqh Jurvvpdq dqg Nhq0
qhwk Urjr/ hgv1, Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/Y r o x p h6 /
Dpvwhugdp= Qruwk0Kroodqg1
^8:` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr +4<<9,/ Irxqgdwlrqv ri Lqwhu0
qdwlrqdo Pdfurhfrqrplfv/ PLW Suhvv/ Fdpeulgjh/ PD1
^8;` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr +4<<;,/ Ulvn dqg H{fkdqjh
Udwhv/ plphr/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh| dqg Sulqfhwrq
Xqlyhuvlw|1
89^8<` Skhosv/ Hgpxqg +4<<7,/ Vwuxfwxudo Voxpsv/ Fdpeulgjh/ PD= Kdu0
ydug Xqlyhuvlw| Suhvv1
^93` Sudvdg/ Hvzdu dqg Pdqprkdq Nxpdu +4<<:,/ Lqwhuqdwlrqdo Wudgh
dqg wkh Exvlqhvv F|foh/ plphr/ Lqwhuqdwlrqdo Prqhwdu| Ixqg1
^94` Urjr/ Nhqqhwk +4<;8,/ Fdq Lqwhuqdwlrqdo Prqhwdu| Srolf| Frrugl0
qdwlrq eh FrxqwhusurgxfwlyhB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
4;/ 4<<054:1
^95` Urjr/ Nhqqhwk +4<<9,/ Wkh Sxufkdvlqj Srzhu Sdulw| Sx}}oh/
Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 67/ 97:09;;1
^96` Urphu/ Gdylg +4<<6,/ Rshqqhvv dqg Lq dwlrq= Wkhru| dqg Hyl0
ghqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/ ;:30<361
^97` Urwhpehuj/ Mxolr dqg Plfkdho Zrrgirug +4<<5,/ Roljrsrolvwlf Sulf0
lqj dqg wkh Hhfwv ri Djjuhjdwh Ghpdqg rq Hfrqrplf Dfwlylw|/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ 44860453:1
^98` Vhqd|/ R}jh +4<<;,/ Wkh Hhfwv ri Jrrgv dqg Ilqdqfldo Pdunhw
Lqwhjudwlrq rq Pdfurhfrqrplf Yrodwlolw|/ Wkh Pdqfkhvwhu Vfkrro
Vxssohphqw/ 99/ 6<0941
^99` Vxpphuv/ Odzuhqfh +4<<4,/ Wkh Vflhqwlf Looxvlrq lq Hpslulfdo
Pdfurhfrqrplfv/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <6/ 45<047;1
^9:` Vxwkhuodqg/ Dodq +4<<9,/ Ilqdqfldo Pdunhw Lqwhjudwlrq dqg Pdfurh0
frqrplf Yrodwlolw|/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <;/ 854086<1
8:^9;` Vyhqvvrq/ Oduv dqg Vzhghu ydq Zlmqehujhq +4<;<,/ H{fhvv Fdsdflw|/
Prqrsrolvwlf Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudqvplvvlrq ri Prqh0
wdu| Glvwxuedqfhv/ Hfrqrplf Mrxuqdo/ <</ :;80;381
^9<` Wd|oru/ Mrkq +4<;3,/ Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frq0
wudfwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/ 40561
^:3` Wlooh/ Fhgulf +4<<:,/ Wkh Lqwhuqdwlrqdo Zhoiduh Hhfw ri Prqhwdu|
Srolf| xqghu Sulflqj wr Pdunhw/ plphr/ Sulqfhwrq Xqlyhuvlw|1
^:4` Wlooh/ Fhgulf +4<<;d,/ Vxevwlwxwdelolw| dqg Zhoiduh/ plphr/ Ihghudo
Uhvhuyh Edqn ri Qhz \run1
^:5` Wlooh/ Fhgulf +4<<;e,/ Wkh Zhoiduh Hhfwv ri Prqhwdu| Vkrfnv xqghu
Sulflqj wr Pdunhw= D Jhqhudo Iudphzrun/ plphr/ Ihghudo Uhvhuyh
Edqn ri Qhz \run1
^:6` Yhodvfr/ Dqguhv +4<<:,/ Pxowlsolflw| dqg F|fohv lq d Uhdo Prgho ri
wkh Rshq Hfrqrp|/ plphr/ Qhz \run Xqlyhuvlw|1
^:7` Zduqrfn/ Iudqflv H1 +4<<;,/ Lglrv|qfudwlf Wdvwhv lq d Wzr0Frxqwu|
Rswlpl}lqj Prgho= Lpsolfdwlrqv ri d Vwdqgdug Suhvxpswlrq/ Lqwhu0
qdwlrqdo Ilqdqfh Glvfxvvlrq Sdshu Qr1 964/ Erdug ri Jryhuqruv ri
wkh Ihghudo Uhvhuyh V|vwhp/1
8;